WHAT IS CLAIMED IS: 

1 . A method of treating a hydrocarbon containinoVformation in situ, comprising: 

providing heat from one or more heat souyfces to at least one portion of the 
formation; 

allowing the heat to transfer from the oy(e or more heat sources to a selected 
section of the formation; 

controlling the heat from the one or n/lore heat sources such that an average 
temperature within at least a majority of deselected section of the formation is less than 
about 375 °C; and 

producing a mixture from the formation. 

2. The method of claim 1, wherein th Jone or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbon^within the selected section of the formation. 

3. The method of claim 1, whereirf controlling formation conditions comprises 
maintaining a temperature within Jhe selected section within a pyrolysis temperature 



4. The method of claim 1, whqfein the one or more heat sources comprise electrical 
heaters. 

5. The method of claim 1, wherein the one or more heat sources comprise surface 
burners. 

6. The method of claim 1,/ wherein the one or more heat sources comprise flameless 
distributed combustors. 



7. The method of claim 
distributed combustors. 



, wherein the one or more heat sources comprise natural 
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8. The method of claim 1, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or thp temperature is controlled as a function of 
pressure. 



9. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of ^he formation with a valve coupled to a production 
well located in the formation. 

11. The method of claim 1, further comprising controlling the heat such that an average 
heating rate of the selected sec/ion is less than about 1 °C per day during pyrolysis. 



12. The method of claim 1, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(C v ). and 
wherein the heating pyrol^zes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating Energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



wherein Pwr is 
formation, p B is format 
°C/dav. 



he heating energy /day, h is an average heating rate of the 
: on bulk density, and wherein the heating rate is less than about 1 0 
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13. The method of claim 1, wherein allowing the heat to transfer from the one or more 
heat sources to the selected section comprises transferring heat substantially by 



conduction. 



/ 



/ 



14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater man about 0.5 W/(m °C). 

15. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity/of at least about 25°. 

16. The method of claim 1. where/n the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

17. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein/a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from/about 0.001 to about 0.15. 

18. The method of claim/l, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wheijein about 0.1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 

19. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensaple hydrocarbons is nitrogen. 



20. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wmerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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21. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compo/nds, and wherein the oxygen 
containing compounds comprise phenols. / 

22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulnir. 

23. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

24. The method of claim 1, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than attout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25. The method of claim L wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less thafi about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

27. The method of claim 1, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, and wherein 
the hydrogen is greater than abqut 10 % by volume of the non-condensable component 
and wherein the hydrogen is less than about 80 % by volume of the non-condensable 
component. 
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28. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 

30. The method of claim 1, further comprising iiontrolling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

31. The method of claim 1, further comprising controlling formation conditions such that 
the produced mixture comprises a partial /pressure of H 2 within the mixture greater than 
about 0.5 bar. / 

32. The method of claim 31, whereinihe partial pressure of H2 is measured when the 
mixture is at a production well. / 

33. The method of claim 1, whereip controlling formation conditions comprises 
recirculating a portion of hydrogep from the mixture into the formation. 

34. The method of claim 1, furtl 
inhibit production of hydrocarbj 
than about 25. / 

35. The method of claim 1, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of me section with heat from hydrogenation. 



ler comprising altering a pressure within the formation to 
)ns from the formation having carbon numbers greater 
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36. The method of claim 1, wherein the Produced mixture comprises hydrogen and 

if 

condensable hydrocarbons, the metho^'' further comprising hydrogenating a portion of the 
produced condensable hydrocarbons /with at least a portion of the produced hydrogen. 



37. The method of claim 1, wherem allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 



10 
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38. The method of claim 1, wherein allowing the heat to transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

39. The method of claim 1,/further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

40. The method of clainy 1, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



20 



41. The method of cfaim 1, further comprising providing heat from three or more heat 
sources to at least ^portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



42. The method/of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
25 are located in tme formation in a unit of heat sources, wherein the unit of heat sources 
comprises a trilngular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 



30 



43. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream. 
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44. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

45. The method of claim 1, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim L wherein the produced mixture comprises CO?, the method 
further comprising separating a portion of the CO2 from non-condensable hydrocarbons. 

47. The method of claim 1 ? whprein the mixture is produced from a production well, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. / 

48. The method of claim 1 /wherein the mixture is produced from a production well, the 
method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixmre within the wellbore. 

49. The method of claim 1 5 wherein the mixture is produced from a production well, 
wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element tp produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 

50. The method of claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 

51. The method of claim 1, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 
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52. The method of claim L further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to control an amount of condensable hydrocarbons within the 
produced mixture, wherein the pressure is/reduced to increase production of condensable 
hydrocarbons, and wherein the pressure is increased to increase production of non- 
condensable hydrocarbons. 

53. The method of claim L further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well to control an API gravity of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to decrease the API gravity, and 
wherein the pressure is increased to reduce the API gravity. 

54. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from gne or more heat sources to at least a portion of the 
formation; 

allowing the heat td transfer from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at lea^t some hydrocarbons within the selected section of the 
formation; and 

producing a mixture from the formation. 

55. The method of c/aim 54, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



56. The method of 
heaters. 



claim 54. wherein the one or more heat sources comprise electrical 



57. The method of jclaim 54. wherein the one or more heat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 
distributed combustors. / 



59. The method of claim 54, wherein tfye one or more heat sources comprise natural 
distributed combustors. 



60. The method of claim 54, further/comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

61 . The method of claim 54, farther comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1.0 0 C per day during pyrolysis. 

62. The method of claim 54/ wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected A^oiume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrmyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calcinated by the equation: 
Pwr = h*V*L v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 



63. The method o 
comprises heating 
portion of the 



claim 54, wherein providing heat from the one or more heat sources 
the selected section such that a thermal conductivity of at least a 
selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ ■ 

65. The method of claim 54, wherein th£ produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 j° by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins! 

66. The method of claim 54, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about/0.001 to about 0.15. 

67. The method of claim 54, Wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein loss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 34, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabLe hydrocarbons is oxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wfterein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulfur. 



70. The method of claim 54. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds^/ 

72. The method of claim 54. whereir/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

73. The method of claim 54, wfc/erein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenea 

74. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

75. The method of claim 54, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, wherein the 
hydrogen is greater tnan about 10 % by volume of the non-condensable component, and 
wherein the hydrog/n is less than about 80 % by volume of the non-condensable 
component. 

76. The method off claim 54, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



77. The method 
wherein the 



78. The method 
majority of the s< 



:>f claim 54, wherein the produced mixture comprises ammonia, and 
amitionia is used to produce fertilizer. 



:>f claim 54, further comprising controlling a pressure within at least a 
lected section of the formation, wherein the controlled pressure is at 



least about 2.0 bar absolute. 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 

within the mixture is greater than about 0.5 bar. 

/ 

80. The method of claim 79, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

81. The method of claim 54, further comprising altering a pressure within the formation 
to inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. 

82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

83. The method of claim 54, further comprising: 

providing hydrogen to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of Ahe section with heat from hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

85. The method of claim 54, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 



86. The method of claim 54, wherein allowing the heat to transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising. controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

88. The method of claim 54. wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production w r ell. 



10 



89. The method of claim 54, further/comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a u/iit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



w 

o 
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90. The method of claim 54, fiihher comprising providing heat from three or more heat 
sources to at least a portion oy the formation, wherein three or more of the heat sources 
are located in the formation m a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

91. A method of treatingra hydrocarbon containing formation in situ, comprising: 

providing heat i^rom one or more heat sources to at least a portion of the 
formation; 

allowing the hfeat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the delected section such that a thermal conductivity of at least a portion 
of the selected section is greater than about 0.5 W/(m °C). 



92. The method of 
heat sources, and 
pyrolyzes at least 



aim 91, wherein the one or more heat sources comprise at least two 
v\fherein superposition of heat from at least the two heat sources 
s<t>me hydrocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

94. The method of claim 91 } wherein the one </r more heat sources comprise electrical 
heaters. 



10 
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95. The method of claim 91, wherein the pne or more heat sources comprise surface 
burners. 

96. The method of claim 91, wherein j/he one or more heat sources comprise flameless 
distributed combustors. 

97. The method of claim 91, wherg(n the one or more heat sources comprise natural 
distributed combustors. 



20 



98. The method of claim 91, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of tei/iperature. or the temperature is controlled as a function of 
pressure. 



99. The method of claim 9fl, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 



25 100. The method of c 
sources to at least the 

heating a selectee 
one or more heat sources 
wherein the heating pyro 

30 the formation; and 



1mm 1 



91, wherein providing heat from the one or more heat 
potion of formation comprises: 

volume (F) of the hydrocarbon containing formation from the 
wherein the formation has an average heat capacity (C v ). and 
vzes at least some hydrocarbons within the selected volume of 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation/ 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enei^y/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



Q 
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101 . The method of claim 91, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

102. The method of claim 91/ wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

103. The method of claim J91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons /are olefins. 

104. The method of claim 91 s wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. . 



25 



105. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and w aerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 06. The method c f claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

/ 

108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

109. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein grea/er than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 10. The method of claim 91 9 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises rmilti-ring aromatics with more than two rings. 

111. The method of c/aim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 

1 12. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and Mierein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

113. The method of claim 91, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable corrponent. 
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1 14. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

/ 

116. The method of claim 91, further comprising controlling a pressure within at least 
a majority of the selected section of th© formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

1 1 7. The method of claim 91 , further comprising contf oiling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

118. The method of claim 1 1 7, wherein the partial pressure of FT? is measured when the 
mixture is at a production well/ 

119. The method of claim/91 ? further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abour 25. 

120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion or hydrogen from the mixture into the formation. 

121. The method of claim 9 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons ; the method furthe/comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



123. The method of claim 91, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority oythe selected section to greater than about 100 
millidarcy. 

124. The method of claim 91, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

125. The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

126. The method of claim 9U wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

127. The method of claim 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



128. The method of daim 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tpe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the foimation to form a repetitive pattern of units. 

129. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; r * 

allowing the heat to transfer from the on^or more heat sources to a selected 
section of the formation; 

controlling the heat from the one or mfore heat sources such that an average 
temperature within at least a majority of tha selected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

controlling a pressure within at feast a majority of the selected section of the 
formation, wherein the controlled pressure is at least 2.0 bar; and 

producing a mixture from tha formation, wherein about 0.1 % by weight of the 
produced mixture to about 15 % by /weight of the produced mixture are olefins, and 
wherein an average carbon number of the produced mixture ranges from 1-25. 



130. The method of claim 120, wherein the one or more heat sources comprise at least 
two heat sources, and whereirysuperposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim 129, wherein controlling formation conditions comprises 
maintaining a temperaturp within the selected section within a pyrolysis temperature 
range. 

132. The method of/claim 129, wherein the one or more heat sources comprise 
electrical heaters. 

133. The method £f claim 129, wherein the one or more heat sources comprise surface 
burners. 



134. The metho 
flameless 



of claim 129. wherein the one or more heat sources comprise 
distributed combustors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

136. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

137. The method of claim 129, Wher comprising controlling the heat such that an 
average heating rate of the selected ^section is less than about 1 °C per day during 
pyrolysis. 

1 38. The method of claim 129^ wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroly^es at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pw?\ 
wherein Pwr is calculates by the equation; 
Pwr = h*V*C v *L 

wherein Pwr is /the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

1 39. The method df claim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



140. The method <bf claim 129, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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141 . The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

142. The method of claim 129, wherein thfe produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



\s=3 

(5E3 



10 143. The method of claim 129. where/n the produced mixture comprises condensable 
hydrocarbons, and wherein less than atfout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

144. The method of claim 129, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 120, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

20 basis, of the condensable hydrocarbons is sulfur. 

146. The method of claim/ 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxMgen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 



147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

150. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

151. The method of claim 1 29, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

152. The method of claim 12y, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.0 3% by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2. wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

155. The method of claim 154, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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1 56. The method of claim 1 29, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



157. The method of claim 129, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with l/eat from hydrogenation. 



V. 

o 
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158. The method of claim 129, wherein pe produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons withf at least a portion of the produced hydrogen. 

159. The method of claim 129, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

160. The method of claim 129, Wherein allowing the heat to transfer comprises 
substantially uniformly increasing/a permeability of a majority of the selected section. 

161. The method of claim 129/ further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assav. 



162. The method of claim 12 
the mixture in a production we 
the formation for each 



9. wherein producing the mixture comprises producing 
and wherein at least about 7 heat sources are disposed in 
production well. 



30 



163. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

164. The method of claim 129, further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

165. The method of claim 129. further comprising separating the produced mixture 
into a gas stream and a liquid stream. / 

166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream And separating the liquid stream into an aqueous 
stream and a non-aqueous stream. / 

167. The method of claim 129/ wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. / 

168. The method of claim A 29, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. / 

169. The method of claiiji 129, wherein the mixture is produced from a production 
well, wherein the heating i > controlled such that the mixture can be produced from the 
formation as a vapor. 

1 70. The method of claim 129. wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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171. The method of claim 129, wherein the mixture is proceed from a production 

A 

well, wherein a wellbore of the production well comprises ca heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, whereiji the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H2. 



1 72. The method of claim 129, wherein the minimum pyrolysis temperature is about 
270 °C. 

173. The method of claim 129, further comp/ising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhabit production of fluids having carbon 
numbers above 25. 

1 74. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a productiorywell, to control an amount of condensable fluids 
within the produced mixture, wherein /he pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. 



1 75. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about almospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 



1 76. A method of treating a 

providing heat from one 
formation; 



hydrocarbon containing. formation in situ, comprising: 
or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or mbre heat sources to a selected 

section of the formation; / 

/ 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at/least about 2.0 bar absolute; and 
producing a mixture from the formation. 

1 77. The method of claim 1 76, wherein Controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

1 78. The method of claim 1 76 ; wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 

179. The method of claim 176, wtterein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

180. The method of claim 176; wherein controlling formation conditions comprises 
maintaining a temperature withih the selected section within a pyrolysis temperature 

„ 

181. The method of claim 1 V6 9 wherein the one or more heat sources comprise 
electrical heaters. 

182. The method of claim 1 76, wherein the one or more heat sources comprise surface 
burners. 

183. The method of claim 1 76, wherein the one or more heat sources comprise 
flameless distributed combust :>rs. 



184. .The method of claim l|6, wherein the one or more heat sources comprise natural 
distributed combustors. 
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185. The method of claim 176, further comprising controlling a temperature within at 
least a majority of the selected section of the formation ?/ wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 
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1 86. The method of claim 176, further comprising controlling the heat such that an 
average heating rate of the selected section is les^than about 1 °C per day during 
pyrolysis. 

1 87. The method of claim 176, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of th& hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) ; and 
wherein the heating pyrolyzes at least so/rie hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pw?\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. j 



188. - The method of claim 176 
transferring heat substantially by 

189. The method of claim 176 



| 

wherein allowing the heat to transfer comprises 
conduction. 

wherein providing heat from the one or more heat 



sources comprises heating the selected section such that a thermal conductivity of at least 



a portion of the selected section 



is greater than about 0.5 W/(m °C). 
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190. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

191. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



192. The method of claim 176, wherein tne produced mixture comprises non- 
condensable hydrocarbons, and wherein aymolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

193. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

194. The method of claim 176/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/han about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



195. The method of claim/176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is sulfur. 



i im 



196. The method of cL 
hydrocarbons, wherein a()Out 
hydrocarbons comprise 
containing compounds comprise 



cxy 



197. The method 
hydrocarbons, and wherlin 
hydrocarbons are aromai ic 



176, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
gen containing compounds, and wherein the oxygen 
phenols. 



of clkim 176, wherein the produced mixture comprises condensable 
greater than about 20 % by weight of the condensable 
compounds. 
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198. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with pore than two rings. 

199. The method of claim 1 76, wherein the pr^pduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0,3 f/o by weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method of claim 1 76, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by /Weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaies. 

201 . The method of claim 176, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thafri about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

202. The method of claim \fJ6, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0i)5 % by weight of the produced mixture is ammonia. 



203. The method of claiiji 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



204. The method of cla|m 176, further comprising controlling formation conditions to 
produce a mixture of compensable hydrocarbons and Fb, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

205. The method of claim 204, wherein the partial pressure of H? is measured when the 
mixture is at a production well. 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

208. The method of claim 176, further conWising: 
providing hydrogen (H 2 ) to the heatecj/section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section witM heat from hydrogenation. 

209. The method of claim 176, where/n the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method/further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

210. The method of claim 176, ^herein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

211. The method of claim 1 ^6, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

I 

212. The method of claim 176, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 



213. The method of clainji 176, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 



304 



Conley, Rose & Tayon. P C. 



214. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

controlling a pressure within at least/a majority of the selected section of the 
formation, wherein the controlled pressures at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and / 

producing a mixture from the/formation. 

215. The method of claim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature w/thin the selected section within a pyrolysis temperature 
range. / 

217. The method of cla/m 214, wherein the one or more heat sources comprise 
electrical heaters. / 

218. The method of c|aim 214, wherein the one or more heat sources comprise surface 
burners. I 

219. The method of claim 214, wherein the one or more heat sources comprise 
flameless distributed cpmbustors. 
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220. The method of claim 214, wherein the one or more heat sources comprise natural 
distributed combustors. 

22 1 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/or the temperature is controlled as 
a function of pressure. 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is le^s than about 1 °C per day during 
pyrolysis. 

223. The method of claim 214, wherein providing heat from the one or more heat 
sources to at least the portion of formatiorycomprises: 

heating a selected volume (V) of trie hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least /ome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eqjuation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

224. The method of claim 2141 wherein allowing the heat to transfer comprises 
transferring heat substantially bM conduction. 



225. The method of claim 21 4, wherein providing heat from the one or more heat 



sources comprises heating the S€ 
a portion of the selected section 



ected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 
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226. The method of claim 214, wherein the produced mixture comprises condensable 

hydrocarbons having an API gravity of at least about 25°. 

/ 

227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and where/n a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

230. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

23 1 . The method of claim 2il4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hycfrocarbons is oxygen. 

232. The method of claim|214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hy drocarbons is sulfur. 

233. The method of clairi 214. wherein the produced mixture comprises condensable 
hydrocarbons., wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



235. The method of claim 214, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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236. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ^oout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

237. The method of claim 214, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein about b % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

238. The method of claim 214, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



239. The method of claim 2 



4, wherein the produced mixture comprises ammonia, and 



wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



240. The method of claim 2 
wherein the ammonia is used ti) 



4, wherein the produced mixture comprises ammonia, and 
produce fertilizer. 
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24 1 . The method of claim 2 1 4, wherein controllin/the heat further comprises 
controlling the heat such that coke production is inhibited. 



10 



242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 ba 

243. The method of claim 242, wherein tjie partial pressure of H 2 is measured when the 
mixture is at a production well. 

244. The method of claim 214, furthe^comprising altering the pressure within the 
formation to inhibit production of hydn/carbons from the formation having carbon 
numbers greater than about 25. 



15 245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



\ t f 
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246. The method of claim 214, prther comprising: 

providing hydrogen (H 2 ) tp the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the Action with heat from hydrogenation. 



25 



247. The method of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



248. The method of claii 
increasing a permeability of 
millidarcy. 



214, wherein allowing the heat to transfer comprises 

a majority of the selected section to greater than about 100 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

25 1 . The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

252. The method of claim 214, furtper comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



253. The method of claim 214,/further comprising providing heat from three or more 
heat sources to at least a portion pf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation 1® form a repetitive pattern of units. 



ore 



hydrocarbon containing formation in situ, comprising: 
or more heat sources to at least a portion of the 



254. A method of treating a 

providing heat from 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture 
is produced during the pyroly 
phase; and 

' maintaining a pressure 
about 2.0 bar absolute. 



fiom 



SIS 



the formation, wherein at least a portion of the mixture 
and the mixture moves through the formation in a vapor 



within at least a majority of the selected section above 
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255. The method of claim 254, wherein the orie or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within/the selected section of the formation. 

256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

257. The method of claim 254, wherein the one or more heat sources comprise 
electrical heaters. 

258. The method of claim 254, ^herein the one or more heat sources comprise surface 
burners. 

259. The method of claim 25L wherein the one or more heat sources comprise 
flameless distributed combustars. 

260. The method of claim £54, wherein the one or more heat sources comprise natural 
distributed combustors. 



261 . The method of claim 254, further comprising controlling the pressure and a 



temperature within at lea: 
the pressure is controlled 
a function of pressure. 



a majority of the selected section of the formation, wherein 
as a function of temperature, or the temperature is controlled as 



262. The method of claim 254, further comprising controlling the heat such that an 
average heating rate of tl^e selected section is less than about 1 °C per day during 
pyrolysis. 



311 



Conlev. Rose & Tavon. P C. 



10 



263. The method of claim 254, wherein providing Hekt from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some Ijydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



15 



264. The method of claim 254, Wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



laim 



267. The method of c 
hydrocarbons, and wherein 
condensable hydrocarbons 



254, wherein the produced mixture comprises condensable 
about 0.1 % by weight to about 1 5 % by weight of the 
are olefins. 



:lai "n 



268. The method of c 
condensable hydrocarbons 
of the non-condensable hyflrocarb 



254, wherein the produced mixture comprises non- 
and wherein about 0. 1 % by weight to about 15 % by weight 
ons are olefins. 
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269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.Q01 to about 0.15. 

/ 

270. The method of claim 254. wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

271. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

273. The method of claim 234, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about [5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



274. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

275. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and whertin less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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276. The method of claim 254, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

/ 

hydrocarbons are asphaltenes. 

277. The method of claim 254, wherein the /produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by we/ght to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

279. The method of claim 25% wherein the produced mixture comprises ammonia, and 
wherein greater than about O.Oy % by weight of the produced mixture is ammonia. 

280. The method of claimy254, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



28 1 . The method of cla/m 254, wherein the pressure is measured at a wellhead of a 
production well. 



l^im 254, wherein the pressure is measured at a location within a 
well. 



282. The method of c 
wellbore of the production 



283. The method of claim 254, wherein the pressure is maintained below about 100 bar 
absolute. 
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284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. / 

285. The method of claim 284, wherein th^partial pressure of H2 is measured when the 
mixture is at a production well. 

286. The method of claim 254, furthei/comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

287. The method of claim 254, Wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

288. The method of claim 25ft, further comprising: 
providing hydrogen (IJ2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of /he section with heat from hydrogenation. 



289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



290. The method of c 
increasing a permeabili 
millidarcv. 



aim 254, wherein allowing the heat to transfer comprises 
y of a majority of the selected section to greater than about 100 



291 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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292. The method of claim 254, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 

/ 

293. The method of claim 254, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

294. The method of claim 254, furtner comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing hea/ from one or more heat sources to at least a portion of the 

formation; 

allowing the/heat to transfer from the one or more heat sources to a selected 



section of the form 
maintaining 

formation above 2. 
producing 



tion; 



a pressure within at least a majority of the selected section of the 
» bar absolute; and 

mixture from the formation, wherein the produced mixture comprises 
condensable hydrobarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 
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297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



298. The method of claim 296, whereiii controlling formation conditions comprises 
maintaining a temperature within the sheeted section within a pyrolysis temperature 
range. 

299. The method of claim 296,/vherein the one or more heat sources comprise 
electrical heaters. 

300. The method of claim ^96. wherein the one or more heat sources comprise surface 
burners. 

301. The method of ch(im 296, wherein the one or more heat sources comprise 
flameless distributed combustors. 

302. The method or claim 296, wherein the one or more heat sources comprise natural 
distributed combustprs. 



303. The method of claim 296, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 



the pressure is cc 



a function of pressure. 



304. The 
average heating 
pyrolysis. 



ntrolled as a function of temperature, or the temperature is controlled as 



metfiod of claim 296, further comprising controlling the heat such that an 
rate of the selected section is less than about 1 °C per day during 



305. The method of claim 296, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 

wherein the heatina pvrolyzes at least some hydrocarbons within the selected volume of 

/ 

the formation; and / 

wherein heating energy/day provided to th^ volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d^y, h is an average heating rate of the 
formation, p B is formation bulk density, ai/d wherein the heating rate is less than about 10 
°C/day. 

306. The method of claim 296, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim 296/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hvdrocarbons are olefins. 



310. The method 
condensable 
of the non 



}f claim 296, wherein the produced mixture comprises non- 
hydrocjarbons, and wherein about 0.1 % by weight to about 15 % by weight 
condensable hydrocarbons are olefins. 
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311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

312. The method of claim 296, wherein the/produced mixture comprises condensable 

/ 

hvdrocarbons, and wherein less than about l/% by weieht. when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is tfitrogen. 

313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

3 14. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



317. The method of 
hydrocarbons, and 
hydrocarbons comprises 



claim 296, wherein the produced mixture comprises condensable 
wherein less than about 5 % by weight of the condensable 
multi-ring aromatics with more than two rings. 
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3 1 8. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



hydrocarbons are asphaltenes. 



/ 



/ 



319. The method of claim 296, whereinythe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bwweight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



320. The method of claim 296, whferein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tnan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

15 321. The method of claim/296, wherein the produced mixture comprises ammonia, and 
wherein greater than about/). 05 % by weight of the produced mixture is ammonia. 



20 



322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of/condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 324. The method of claim 296, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. . 



325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



327. The method of claim 296, further^comprising 
providing hydrogen (H2) to the Ideated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectioh with heat from hydrogenation. 

328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocaipons with at least a portion of the produced hydrogen. 

329. The method of claim £96, wherein allowing the heat to transfer comprises 
increasing a permeability oya majority of the selected section to greater than about 100 
millidarcy. 

330. The method of claim 296, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

331. The method if claim 296, further comprising controlling the heat to yield greater 
than about 60 % by/weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 



332. The method of claim 296, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation fot each production well. 



-» -* 



The 
heat sources to 
sources are 
sources compns 



metjhod of claim 296, further comprising providing heat from three or more 

it least a portion of the formation, wherein three or more of the heat 
located in the formation in a unit of heat sources, and wherein the unit of heat 
s a triangular pattern. 
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334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, arid wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



Hi 



10 



15 



20 



25 



335. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or mpre heat sources to at least a portion of the 

formation; 

allowing the heat to transfe^ from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure wijftiin at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a fluid from me formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1.75. 

336. The method of claim/335, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



337. The method of claim 
maintaining a temperature 
range. 



335, wherein controlling formation conditions comprises 
within the selected section within a pyrolysis temperature 



338. The method of claijm 335, wherein the one or more heat sources comprise 
electrical heaters. 



30 



339. The method of claiijn 335, wherein the one or more heat sources comprise surface 
burners. 
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340. The method of claim 335 } wherein the one or more heat sources comprise 
flameless distributed combustors. 



34 1 . The method of claim 335, wherein the one or more heat sources comprise natural 



distributed combustors. 



/ 



/ 
/ 



342. The method of claim 335, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of jiemperature, or the temperature is controlled as 
a function of pressure. 



343. The method of claim 335. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



344. The method of claim 335, ytvherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) 9 and 
wherein the heating pyrolyzejf at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating enetgy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



345. The method of c 
transferring heat 



aim 335, wherein allowing the heat to transfer comprises 
substantially by conduction. 
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346. The method of claim 335, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

347. The method of claim 335, wherein me produced mixture comprises condensable 
hydrocarbons having an API gravity of at/least about 25°. 

348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 j/o by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and Wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

350. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

352. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wjnerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

353. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the conde isable hydrocarbons is sulfur. 
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354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to^about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



355. The method of claim 335, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein greater than /bout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds^ 

356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

357. The method of claim 335; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^ than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



359. The method of cVaim 335, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



360. The method oi 
wherein greater than 



f claim 335, wherein the produced mixture comprises ammonia, and 
about 0.05 % by weight of the produced mixture is ammonia. 
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361 . The method of claim 335, wherein the produced' mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

362. The method of claim 335, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons/and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar/ 



10 



15 



363. The method of claim 335, wherein thp partial pressure of H2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, further /comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

365. The method of claim 335, wMerein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 



' E 

l4x 



20 



366. The method of claim 335, further comprising: 

providing hydrogen (H2/ to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of th£ section with heat from hydrogenation. 



25 
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367. The method of claim/335, wherein the produced mixture comprises hydrogen and 



condensable hydrocarbons, 



produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



368. The method of claim 
increasing a permeability 0:' 
millidarcy. 



le method further comprising hydrogenating a portion of the 



335, wherein allowing the heat to transfer comprises 

a majority of the selected section to greater than about 100 
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369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and whereip at least about 7 heat sources are disposed in 
the formation for each production well, 

372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in 51 unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 



J/J. 



The method of claim 335, fijhher comprising providing heat from three or more 
heat sources to at least a portion otfthe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/form a repetitive pattern of units. 



374. A method of treating a/hydrocarbon containing formation in situ, comprising: 

providing heat from ome or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar at solute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher amount of non-cond msable components as compared to non-condensable 
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components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 

/ 

375. The method of claim 374, wherein the one^r more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within deselected section of the formation. 

376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

377. The method of claim 374, where/n the one or more heat sources comprise 
electrical heaters. 

378. The method of claim 374, wl^rein the one or more heat sources comprise surface 
burners. 

379. The method of claim 374/wherein the one or more heat sources comprise 
flameless distributed combustors 

380. The method of claim 3^4, wherein the one or more heat sources comprise natural 
distributed combustors. 

381. The method of claim/374, further comprising controlling the pressure and a 
temperature within at least af majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 



pyrolysis. 
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383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some tyydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



U 

u 



15 384. The method of claim 374, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
20 a portion of the selected section is greater than about 0.5 W/(m °C).. 



386. The method of claim/374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



25 



30 



387. The method of clai 
hydrocarbons, and whereir 
condensable hydrocarbon 



388. The method 
condensable hydrocarbon^, 
of the non-condensable 



374, wherein the produced mixture comprises condensable 
about 0.1 % by weight to about 15 % by weight of the 
are olefins. 



of claim 374, wherein the produced mixture comprises non- 

? and wherein about 0.1 % by weight to about 15 % by weight 
hydrocarbons are olefins. 
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389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hvdrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

/ 

/ 

condensable hydrocarbons ranges from about 0.001 to about 0.15. 



390. The method of claim 374, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is rfitrogen. 

391. The method of claim 374, wherdn the produced mixture comprises condensable 
hydrocarbons, and wherein less than abfout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

392. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim 3/74, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abouy5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds conrprise phenols. 



394. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and whereip greater than about 20 % by weight of the condensable 
hydrocarbons are aromatj'c compounds. 



395. The method of 
hydrocarbons, and wher^i 
hydrocarbons comprises 



cl^im 374, wherein the produced mixture comprises condensable 
n less than about 5 % by weight of the condensable 
multi-ring aromatics with more than two rings. 
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396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

397. The method of claim 374, wherein thL produced mixture comprises condensable 

/ 

hydrocarbons, and wherein about 5 % by \yeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaiVes. 

398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the /non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thary about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

399. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 674, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is usea to produce fertilizer. 

401 . the method of clai/n 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

402. The method of claim 374, wherein the partial pressure of Fb is measured when the 
mixture is at a production well. 



403. The method of claim 374, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about\25. 
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404. The method of claim 374, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heatine a portion of the section with heat frqm hydrogenation. 

/ / 

405. The method of claim 374, wherein the produced mixture comprises hydrogen and 



condensable hydrocarbons, the method further comprising hydro genating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



406. The method of claim 374, wherein a/lowing the heat to transfer comprises 
increasing a permeability of a majority of pe selected section to greater than about 100 
millidarcy. 

407. The method of claim 374, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

408. The method of claim 374, fiurther comprising controlling the heat to yield greater 
than about 60 % by weight of corpensable hydrocarbons, as measured by the Fischer 
Assay. 

409. The method of claim 3774, wherein producing the mixture comprises producing 
the mixture in a production vwll. and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

/ 

412. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from throne or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % by weight 0/ hydrocarbons within the selected section of 
the formation; and 

producing a mixture from the formation. 

413. The method of claim 412, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

415. The method of clain/412, wherein the one or more heat sources comprise 
electrical heaters. 



416. The method of cla 
burners. 



m 412, wherein the one or more heat sources comprise surface 



417. The method of chim 412, wherein the one or more heat sources comprise 
flameless distributed conibustors. 
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418. The method of claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. 



419. The method of claim 412, further comprising 7 controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



W 



in 

.{a 

o 



15 



20 
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420. The method of claim 412, further comprising controlling the heat such that an 
average heating rate of the selected sectioj/l is less than about 1 °C per day during 
pyrolysis. 

42 1 . The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume UV) of the hydrocarbon containing formation from the 
one or more heat sources, wherei/i the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes ap. least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated bj r the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

422. The method of cflaim 412, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



423. The method of claim 412, wherein providing heat from the one or more heat 
30 sources comprises he* ting the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0,5 W/(m °C). 
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424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. j 

/ 
/ 

426. The method of claim 412, wherein theyproduced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

427. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

428. The method of claim 412/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less mm about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



429. The method of claim.412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein jess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

/ 

430. The method of claiin 412, wherein the produced mixture comprises condensable 
hydrocarbons, and whereip less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



43 1 . The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, wherein a x)ut 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, an Ah erein the oxygen 

/ 

containing compounds comprise phenols. 

/ 

/ 

432. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 Q /jL by weight of the condensable 
hydrocarbons are aromatic compounds. 

433. The method of claim 412, wherein theyproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5/% by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than afcjout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboutp % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



436. The method of claim ^12, wherein the produced mixture comprises a non- 
condensable component, whetrein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein th^ hydrogen is less than about 80 % by volume of the non- 
condensable component. 



lai n 



43 7. The method of c 
wherein greater than abou 



438. The method of claim 
wherein the ammonia is used 



412, wherein the produced mixture comprises ammonia, and 
0.05 % by weight of the produced mixture is ammonia. 



412, wherein the produced mixture comprises ammonia, and 
to produce fertilizer. 
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439. The method of claim 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

/ 

440. The method of claim 412, further comprj^ing controlling formation conditions to 
produce a mixture of condensable hydrocarbor^ and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bz 

441. The method of claim 412, wherein tj?ie partial pressure of H 2 is measured when the 
mixture is at a production well. 

442. The method of claim 412, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

443. The method of claim 412, wAerein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 



444. The method of claim 4 1 2, tturther comprising: 

providing hydrogen (H 2 ) tp the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



445 . The method of claim 4 1 2 
condensable hydrocarbons, the 
produced condensable 



446. The method of claim 4 1 2 
increasing a permeability of a ms. 
millidarcy. 



wherein the produced mixture comprises hydrogen and 
nkethod further comprising hydrogenating a portion of the 
hydrocart ons with at least a portion of the produced hydrogen. 



wherein allowing the heat to transfer comprises 
ority of the selected section to greater than about 100 
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447. The method of claim 412, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



448. The method of claim 412, further comprising ^ontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 



Assay. 



/ 
/ 



449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein a/ least about 7 heat sources are disposed in 
the formation for each production well. 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



45 1 . The method of claim 412, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation /in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such tj^at superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % if hydrocarbons within the selected section of the 
formation: and 

producing a mixture fijom the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25 c 



338 



Conley. Rose & Tayon. P C. 



453. The method of claim 452, wherein the one or mote heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected s/ction within a pyrolysis temperature 
range. 

455. The method of claim 452, wherein tl/e one or more heat sources comprise 
electrical heaters. 

456. The method of claim 452, wherei/i the one or more heat sources comprise surface 
burners. 

457. The method of claim 452, wh/rein the one or more heat sources comprise 
flameless distributed combustors. 

458. The method of claim 452,/vherein the one or more heat sources comprise natural 
distributed combustors. 



459. The method of claim 462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as p. function of temperature, or the temperature is controlled as 
a function of pressure. 



460. The method of claiipi 
average heating rate of the 
pyrolysis. 



452, further comprising controlling the heat such that an 
selected section is less than about 1 °C per day during 



461 . The method of claim 452, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation Yjhs an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy /day provided to /the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p 8 

wherein Pwr is the heating energy/dayl h is an average heating rate of the 
formation. p B is formation bulk density, and v^erein the heating rate is less than about 10 
°C/day. 

462. The method of claim 452. wherein avowing the heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, wherein/providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

464. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/p by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins.] 



465. The method of claim 452, wherein the produced mixture comprises non- 



condensable hydrocarbons, and whe 



of the non-condensable hydrocarbons are olefins 



466. The method of claim 452, w 
condensable hydrocarbons, and 
condensable hydrocarbons ranges 



ein about 0. 1 % by weight to about 1 5 % by weight 



lerein the produced mixture comprises non- 
wherein a molar ratio of ethene to ethane in the non- 
from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigjft, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

468. The method of claim 452, wherein the prodi/ced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % byAveight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen/ 

469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °A by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulnir. 

470. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weitmt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containirjg compounds, and wherein the oxygen 
containing compounds comprise phenols! 

471. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



472. The method of claim 452, 
hydrocarbons, and wherein less thafi 
hydrocarbons comprises multi-ring 



473. The method of claim 452, 
hydrocarbons, and wherein less 
hydrocarbons are asphaltenes. 



thin 



erein the produced mixture comprises condensable 
about 5 % by weight of the condensable 
aromatics with more than two rings. 



wherein the produced mixture comprises condensable 
about 0.3 % by weight of the condensable 
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474. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %/oy volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

476. The method of claim 452, wherein thre produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

478. The method of claim 452, funher comprising controlling a pressure within at least 
a majority of the selected section ofAhe formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

479. The method of claim 452 
produce a mixture of condensablj 
within the mixture is greater thar 

480. The method of claim 432, wherein the partial pressure of H2 is measured when the 
mixture is at a production well/. 

48 1 . The method of claim 452, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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(further comprising controlling formation conditions to 
hydrocarbons and H2, wherein a partial pressure of H2 
. about 0.5 bar. 



482. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

483. The method of claim 452, further comprising: 
providing hydrogen (H2) to the heated ^ection to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section withfieat from hydrogenation. 

484. The method of claim 452, whereiiythe produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons w^th at least a portion of the produced hydrogen. 

485. The method of claim 452, whjerein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



486. The method of claim 45^ wherein allowing the heat to transfer comprises 
substantially uniformly increas^g a permeability of a majority of the selected section. 

/ 

487. The method of claim ^52, further comprising controlling the. heat to yield greater 

/ 

than about 60 % by weight ofl condensable hydrocarbons, as measured by the Fischer 

Assav. 



488. The method of claim 452, wherein producing the mixture comprises producing 
the mixture in a production/well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

I 

489. The method of claiin 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular pattern 
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490. The method of claim 452, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, vvherein three or more of the heat 

/ 

sources are located in the formation in a unit of h£at sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

491 . A method of treating a layer of a hyd/ocarbon containing formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least a portion of the layer, 
wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the heat to transfer fronr the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons /vithin the selected section of the formation; and 

producing a mixture from the/formation. 

492. The method of claim 491 , wherein the one or more heat sources are laterally 
spaced from a center of the layer. / 

493. The method of claim 49 1/, wherein the one or more heat sources are positioned in 
a staggered line. / 

494. The method of claim 491, wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more heat sources. 

495. The method of claim 191 , wherein the one or more heat sources positioned 
proximate the edge of the la^er can increase the volume of formation undergoing 
pyrolysis per unit of energy input to the one or more heat sources. 
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496. The method of claim 49 1 , wherein the one or more heat sources comprise 
electrical heaters. 

497. The method of claim 49 L wherein the one ory(nore heat sources comprise surface 
burners. 

498. The method of claim 491 , wherein the one/or more heat sources comprise 
flameless distributed combustors. 

499. The method of claim 491, wherein the ^ne or more heat sources comprise natural 
distributed combustors. 

500. The method of claim 491, further comprising controlling a pressure and a 
temperature within at least a majority of thb selected section of the formation, wherein 
the pressure is controlled as a function of/emperature, or the temperature is controlled as 
a function of pressure. 

501. The method of claim 491, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 0 C per day during 
pyrolysis. 



502. The method of claim 491, wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

heating a selected volume (If) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at lepst some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dai provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 



\ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pe is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. / 

/ 

503. The method of claim 491, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

504. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

505. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 fVo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefir 

506. The method of claim 491 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

507. The method of claim 401, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leps than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



508. The method of clai 
hydrocarbons, and wherein 
basis, of the condensable h 



509. The method of claihi 
hydrocarbons, and wherein 
basis, of the condensable Kv 



491, wherein the produced mixture comprises condensable 
ess than about 1 % by weight, when calculated on an atomic 
drocarbons is oxygen. 



491, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
drocarbons is sulfur. 
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510. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abouy 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 1 2. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromjatics with more than two rings. 

513. The method of claim 491 , wherjein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ^ibout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



514. The method of claim 491 , v^herein the produced mixture comprises condensable 
hydrocarbons, and wherein about 3 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cvciloalkanes. 



/do 



515. The method of claim 491, 
condensable component, wherein 
wherein the hydrogen is greater 
component, and wherein the hyd; 
condensable component. 



t lan 



flo 



5 1 6. The method of claim 49 1 
wherein ereater than about 0.05 °/ 



wherein the produced mixture comprises a non- 

the non-condensable component comprises hydrogen, 

about 1 0 % by volume of the non-condensable 
gen is less than about 80 % by volume of the non- 



wherein the produced mixture comprises ammonia, and 
o by weight of the produced mixture is ammonia. 
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517. The method of claim 491, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



518. The method of claim 491, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



519. The method of claim 49 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

520. The method of claim 5 1 9, whe/ein the partial pressure of H2 is measured when the 
mixture is at a production well. 

52 1 . The method of claim 491 , further comprising altering a pressure within the 
formation to inhibit production oy hydrocarbons from the formation having carbon 
numbers greater than about 25. 

522. The method of claim 491, further comprising controlling formation conditions, 
wherein controlling formatioy' conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 



523. The method of claim 491 , further comprising: 

providing hydrogen (fT?) to the heated section to hydrogenate hydrocarbons 
within the section; and 

the section with heat from hydrogenation. 



heating a portion of 



524. The method of claiijn 
condensable hydrocarbons 
produced condensable hydrocarbons 



49 1 , wherein the produced mixture comprises hydrogen and 
the method further comprising hydrogenating a portion of the 
with at least a portion of the produced hydrogen. 
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525. The method of claim 491 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

526. The method of claim 491, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

527. The method of claim 491 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensabl^hydrocarbons, as measured by the Fischer 
Assay. 

528. The method of claim 491, whe/ein producing the mixture comprises producing 
the mixture in a production well, and/wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

529. The method of claim 491 /further comprising providing heat from three or more 
heat sources to at least a portioryof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



530. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a pdrtion of the formation, wherein three or more of the heat 
sources are located in the normation in a unit of heat sources, wherein the unit of heat 



sources comprises a trian: 



over an area of the formatnon to form a repetitive pattern of units. 



531. A method of treatln 
providing heat frc 

formation; 

allowing the heat 

section of the formation; land 



ular pattern, and wherein a plurality of the units are repeated 



g a hydrocarbon containing formation in situ, comprising: 
m one or more heat sources to at least a portion of the 

to transfer from the one or more heat sources to a selected 
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controlling a pressure and a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 



producing a mixture from the formation. 



/ 



532. The method of claim 53 1 . wherein the one/6r more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



1,1 

o 



i y 



10 533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

534. The method of claim 53 1 , wherein the one or more heat sources comprise 
15 electrical heaters. 

535. The method of claim 53 1/ wherein the one or more heat sources comprise surface 
burners. 

20 536. The method of claim f>3 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. 



25 



30 



537. The method of claipi 531, wherein the one or more heat sources comprise natural 
distributed combustors. 

538. The method of cl&im 53 1 , further comprising controlling the heat such that an 
average heating rate of tpe selected section is less than about 1 °C per day during 
pyrolysis. 



539. The method of 
sources to at least the 



laim 53 1 , wherein providing heat from the one or more heat 
pbrtion of formation comprises: 
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heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an ayerage heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = A*P*Cv*/>* 

wherein Pwr is the heating energy/day, h ts an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541 . The method of claim 53 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity <pf at least about 25°. 

543. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



544. The method of claim 53 1 , /wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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545. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

546. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

547. The method of claim 531, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

548. The method of claim 531, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

549. The method of claim 531 /wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

550. The method of claim/53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



551. The method of claim 53 1 , wherein the produced mixture comprises condensable 



hydrocarbons, and wherei 



hydrocarbons comprises multi-ring aromatics with more than two rings. 



less than about 5 % bv weight of the condensable 
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552. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigl/t to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

554. The method of claim 53 1 , wherein me produced mixture comprises a non- 
condensable component, wherein the nonAcondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen/s less than about 80 % by volume of the non- 
condensable component. 

555. The method of claim 53 1 , ^herein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

556. The method of claim 53A, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used^o produce fertilizer. 

557. The method of claim/53 1 , wherein the controlled pressure is at least about 2.0 bar 
absolute. / 



25 



30 



558. The method of claim 53 1, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is erealer than about 0.5 bar. 



559. The method of c 
mixture is at a production 



Uim 531, wherein the partial pressure of H 2 is measured when the 
well. 
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560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. , 



561 . The method of claim 531, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



10 



562. The method of claim 531, further conypnsing: 

providing hydrogen (fb) to the heat^fr section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section wifh heat from hydrogenation. 



jSRS 

; - 

o 

lass: 
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563. The method of claim 531, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbonsAvith at least a portion of the produced hydrogen. 

564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

565. The method of claim 5 J 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



566. The method of claim 63 1 , further comprising controlling the heat to yield greater 
25 than about 60 % by weight o|f condensable hydrocarbons, as measured by the Fischer 

Assay. 



30 



567. The method of clai 
the mixture in a production 
the formation for each prod 



531, wherein producing the mixture comprises producing 
welL and wherein at least about 7 heat sources are disposed in 
uction well. 
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568. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hpat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

569. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, andAvherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



570. A method of treating a hydrocarpon containing formation in situ, comprising: 

providing heat from one or moce heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from/the formation; and 

controlling API gravity dr the produced mixture to be greater than about 25 
degrees API by controlling avetiage pressure and average temperature in the selected 
section such that the average pi/essure in the selected section is greater than the pressure 



(p) set forth in the following ei 
selected section: 



where p is measured in psia and T is measured in 0 Kelvin. 



571. The method of c laim 
controlled to be greater than d 



uation for an assessed average temperature (T) in the 



J-44000/T > 67] 



70, wherein the API gravity of the produced mixture is 
bout 30 degrees API, and wherein the equation is: 

„[-31000/T + 51] 

p = e 
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572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

„ [-22000/T + 38] 

p = e 



573. The method of claim 570, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



574. The method of claim 570, wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 

575. The method of claim 570, wherein one or more heat sources comprise 
electrical heaters. 

576. The method of claim 570, where^i the one or more heat sources comprise surface 
burners. 

577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. 

578. The method of claim 570, yherein the one or more heat sources comprise natural 
distributed combustors. 



579. The method of claim 570,|further comprising controlling a temperature within at 
least a majority of the selected seption of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



580. The method of claim 570 
average heating rate of the selec 
pyrolysis. 



, further comprising controlling the heat such that an 
ed section is less than about 1 °C per day during 
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581. The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some/nydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 

582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of clp 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 
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586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 r/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abdut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

589. The method of claim 570, wMerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compmse phenols. 

591. The method of claim|570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



592. The method of claim 570, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein 



hydrocarbons comprises multi-ring aromatics with more than two rings. 



less than about 5 % by weight of the condensable 
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593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

594. The method of claim 570, wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

595. The method of claim 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about/0.05 % by weight of the produced mixture is ammonia. 

597. The method of c/aim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method or claim 570, further comprising controlling formation conditions to 
produce a mixture or condensable hydrocarbons and Hb, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

599. The method of claim 570, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

600. The method of claim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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601. The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

/ 

602. The method of claim 570, further comprising: 

providing hydrogen (Fb) to the hea^d section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

604. The method of claim 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a ynajority of the selected section to greater than about 100 
millidarcy. 

605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

607. The method oflclaim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



608. The method pf claim 570, further comprising providing heat from three or more 
heat sources to at leist a portion of the formation, wherein three or more of the heat 
sources are located In the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a] triangular pattern. 
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609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



610. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion of a hydrocarbon containing formation such 

that a temperature (T) in a substantial paiVof the heated portion exceeds 270 °C and 
hydrocarbons are pyrolyzed within the heated portion of the formation; 

controlling a pressure (p) withip at least a substantial part of the heated portion of 
the formation; 

wherein /w > e ^'^»fw; ; 

wherein p is the pressure in/bar absolute and T is the temperature in degrees K, 
and A and B are parameters that are larger than 10 and are selected in relation to the 
characteristics and composition of the hydrocarbon containing formation and on the 
required olefin content and caroon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

611. The method of clainV 610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of me produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than/25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
about 1 .4 bar, A is greatep than about 44000, and b is greater than about 67, and a 
majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins. 



613. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 
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produced pyrolyzed hydrocarbon fluids have an average carbon number lower than about 
21. 



614. The method of claim 610, furthey comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. 



615. The method of claim 610, wnerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume/(F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes sjt least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated b,y the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



616. The method of/claim 610, wherein heat is transferred substantially by conduction 



from one or more heai 
of the formation. 



sources located in one or more heat sources to the heated portion 



617. The method of claim 6 1 6, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released by the hydrocarbon containing 
formation adjacent tola heater by an oxidant injected into the heater in or adjacent to 
which the combustionioccurs and wherein at least part of the produced combustion gases 
are vented to surface via the heater in which the combustion occurs. 



362 



Conley. Rose & Tayon. P.C. 



618. The method of claim 617, wherein heat is, transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a valujfc greater than 1 Darcy. 



619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluias and Fb, wherein a partial pressure of H2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 

620. The method of claim 619, mrther comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from hydrogenation . 

621 . The method of claim 6A0, wherein the hydrocarbon containing formation is a coal 
seam and at least about 70% of the hydrocarbon content of the coal, when such 
hydrocarbon content is mea/ured by a Fischer assay, is produced from the heated portion 
of the formation. 



622. The method of clainV610, wherein the substantially gaseous pyrolyzed hydrocarbon 
fluids are produced frorfi a production well, the method further comprising heating a 
wellbore of the production well to inhibit condensation of the hydrocarbon fluids within 
the wellbore. 



eating a hydrocarbon containing formation in situ, comprising: 
from one or more heat sources to at least a portion of the 



623. A method oft- 
providing heai 
formation; 

allowing the htat to transfer from the one or more heat sources to a selected 
section of the foimatiob to raise an average temperature within the selected section to, or 
above, a temperature tnat will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 
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controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for/an assessed average temperature (7) in 
the selected section: 

„ [-570dO/T + 83J 

p — e 7 

where p is measured in psia and T is measured in 0 Kelvin. 

624. The method of claim 623, wherein /he weight percentage of olefins of the 
produced mixture is controlled to be less /han about 10 % by weight, and wherein the 
equation is: 

J-16000/T+28J 



625. The method of claim 623, wwerein the weight percentage of olefins of the 
produced mixture is controlled to tje less than about 5 % by weight, and wherein the 
equation is: 



p = e 



[-I2000/T+ 22] 



626. The method of claim 6^3, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



627. The method of clainj 623, wherein the one or more heat sources comprise 
electrical heaters. 

628. The method of claim 623, wherein the one or more heat sources comprise surface 
burners. 

629. The method of claim 623, wherein the one or more heat sources comprise 
flameless distributed combustors. 



\ 
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630. The method of claim 623, wherein the one or more heat sources comprise natural 
distributed combustors. 



63 1 . The method of claim 623, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

633. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 3.0 °C per day during 
pyrolysis. 

634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 

heating a selected voloxme (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated jby the equation: 

Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of aft least about 25°. 

639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1/% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefir 

640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



(>2 



642 . The method of claim 
hydrocarbons, and wherein 
basis, of the condensable hydlrocarbons 



less 



3, wherein the produced mixture comprises condensable 
than about 1 % by weight, when calculated on an atomic 
is nitrogen. 
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643. The method of claim 623, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is oxygen. 

644. The method of claim 623. wherein the /roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623, whereiiythe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

646. The method of claim 623, wMerein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multwring aromatics with more than two rings. 

648. The method of claim ^23, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein If ss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene 



649. The method of clairfi 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



650. The method of cla 
condensable component, 



m 623, wherein the produced mixture comprises a non- 
wherein the non-condensable component comprises hydrogen. 



367 



Conley. Rose & Tayon. P C. 



wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

! 

I 

65 1 . The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

653. The method of claim 623, funher comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than aroout 0.5 bar. 

654. The method of claim 62:y, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about \ 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of mydrogen from the mixture into the formation. 



657. The method of claim 623, further comprising: 



providing hydrog 
within the section; and 
heating a portion 



n (H 2 ) to the heated section to hydrogenate hydrocarbons 
of the section with heat from hydrogenation. 
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658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, wherein/allowing the heat to transfer comprises 
increasing a permeability of a majority o^ the selected section to greater than about 100 
millidarcy. 

660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 

661 . The method of claim 623, /further comprising controlling the heat to yield greater 
than about 60 % by weight of cqndensable hydrocarbons, as measured by the Fischer 
Assay. 

662. The method of claim 623, wherein producing the mixture comprises producing 
the mixture in a production ^ell, and wherein at least about 7 heat sources are disposed in 
the formation for each prod/iction well. 

663. The method of claifm 623, further comprising providing heat from three or more 
heat sources to at least a oortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



664. The method of dlaim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the for nation to form a repetitive pattern of units. 

665. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydroc4rbons within the selected section; 

producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weighlt by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in/the following equation for an assessed average 
temperature (T) in the selected section: 

p H e l 

where p is measured in psia and T is mfeasured in ° Kelvin. 



J-14000/T + 25] 



666. The method of claim 662, wKerein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 20 % by 
weight, and wherein the equation ^ 

= e H6000/T<r28] t 



667 The method of claim 662f, wherein the hydrocarbons having carbon numbers 
greater than 25 of the producedjinixture is controlled to be less than about 15 % by 
weight, and wherein the equation is: 

' = e [-18000/T+32]^ 



668. The method of claim 6j62, wherein the one or more heat sources comprise at least 
two heat sources, and whereiij superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

669. The method of claim £62, wherein the one or more heat sources comprise 
electrical heaters. 
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670. The method of claim 662, wherein the one or more heat sources comprise surface 
burners. 

/ 

671 . The method of claim 662, wherein the one or more heat sources comprise 
flameless distributed combustors. 

672. The method of claim 662, wherein tl/e one or more heat sources comprise natural 
distributed combustors. 

673. The method of claim 662, further/comprising controlling a temperature within at 
least a majority of the selected section di the formation, wherein the pressure is 
controlled as a function of temperature/ or the temperature is controlled as a function of 
pressure. 

674. The method of claim 673, Wherein controlling the temperature comprises 
maintaining a temperature within tpie selected section within a pyrolysis temperature 
range. 

675. The method of claim 66£, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



676. The method of claim/662, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected \/olume (V) of the hydrocarbon containing formation from the 
one or more heat sources. Avherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroljyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating ^nergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p 8 is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



677. The method of claim 662, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



678. The method of claim 662, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

680. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

68 1 . The method of claim 662. wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



682. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

; hydrocarbons is nitrogen. 



basis, of the condensab 



683. The method of ( 
hydrocarbons, and whefrein 
basis, of the condensab 



aim 662, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
e hydrocarbons is oxygen. 
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684. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur/ 

685. The method of claim 662. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containingycompounds, and wherein the oxygen 
containing compounds comprise phenols. 

686. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



688. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

689. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein pout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

690. The method of claim 662, wherein the produced mixture comprises a non- 
condensable component, wjierein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein th^ hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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691 . The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

692. The method of claim 662, wherein the/produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

693. The method of claim 662, further Comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Fb, wherein a partial pressure of H2 
within the mixture is greater than abouy0.5 bar. 

694. The method of claim 662, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

695. The method of claim 662, Airther comprising altering a pressure within the 
formation to inhibit production opt hydrocarbons from the formation having carbon 
numbers greater than about 25. 

696. The method of claim 662, further comprising: 
providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion ofithe section with heat from hydrogenation. 



697. The method of claim 662, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



698. The method of cl 
increasing a permeability 
millidarcy. 



Mm 



662, wherein allowing the heat to transfer comprises 
of a majority of the selected section to greater than about 100 
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699. The method of claim 662, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



700. The method of claim 662, further comprising controlling the heat to yield greater 
than ab 
Assay. 



than about 60 % by weight of condensable hydy^carbons, as measured by the Fischer 



701 . The method of claim 662, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

702. The method of claim 662, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation ii/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 

703. The method of claim 662, nirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation yo form a repetitive pattern of units. 

/ 

i 

704. A method of treating ^ hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; j 

allowing the heat to [ransfer from the one or more heat sources to a selected 
section of the formation to ijaise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1.7 by controlling average pressure and average temperature in the 

\ 
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selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (7) in 
the selected section: / 

= [-38(j00/Y±6l] 

r ft 
I 

where p is measured in psia and T is measured in 8 Kelvin. 

705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

J-I3000/T + 24] 

706. The method of claim 704, whferein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to b^f greater than about 1.9, and wherein the equation is: 

, [-8000/T 18] 

707. The method of claim 704, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

708. The method of claiip 704, wherein the one or more heat sources comprise 
electrical heaters. 

709. The method of qaim 704, wherein the one or more heat sources comprise surface 
burners. 



7 1 0. The method of Jblaim 704, wherein the one or more heat sources comprise 
flameless distributed cjbmbustors. 



711. The method of 
distributed combustors 



claim 704, wherein the one or more heat sources comprise natural 
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712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. j 

713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected sec/ion is less than about 1 °C per day during 
pyrolysis. 

715. The method of claim 704, wnerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) f and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated bjy the equation: 

Pwr = h*V*C v *p B j 
/ 

wherein Pwr is the' heating energy/day, h is an average heating rate of the 
formation, p B is formatior/ bulk density, and wherein the heating rate is less than about 10 
°C/day. 

716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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717. The method of claim 704, wherein providing^heat from the one or more heat 
sources comprises heating the selected section such/that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leastebout 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

720. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

72 1 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges pm about 0.001 to about 0.15. 

722. The method of claim 704,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/ than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrc carbons is oxygen. 

724. The method of claim 704. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les > than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

\ 



378 



Conley, Rose & Tayon. P.C. 



725. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

726. The method of claim 704, wherein the/ produced mixture comprises condensable 
hydrocarbons, and wherein greater than aboyt 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

/ 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

728. The method of claim 704, wHerein the produced mixture comprises condensable 
hydrocarbons, and wherein less tha/i about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are/cycloalkanes. 

730. The method of claim U04, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grdater than about 10 % by volume of the non-condensable 
component, and wherein thje hydrogen is less than about 80 % by volume of the non- 
condensable component. 



73 1 . The method of clai 



wherein greater than aboit 0.05 % by weight of the produced mixture is ammonia. 



m 704, wherein the produced mixture comprises ammonia, and 
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732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Fb, wherein a partial pressure of H 2 



within the mixture is greater than about 0.5 bar. 



734. The method of claim 704, wherein th^'partial pressure of H2 is measured when the 
mixture is at a production well. 

735. The method of claim 704, further (Comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704/further comprising: 
providing hydrogen (H?)/to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



739. The method of clai: 
increasing a permeability o i 
millidarcy. 



704, wherein allowing the heat to transfer comprises 
a majority of the selected section to greater than about 100 
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740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



74 1 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. j 

I 
i 

742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 



743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



L 



sources comprises a triangular pattei 

744. The method of claim 704,/further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

formation; J 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; I 

controlling a pressuie-temperature relationship within at least the selected section 
of the formation by selectee energy input into the one or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and 

i 
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producing a mixture from the formation. 



746. The method of claim 745, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of^'heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



747. The method of claim 745, wherein tJ4e one or more heat sources comprise at least 
two heat sources. 

748. The method of claim 745, where j/k the one or more heat sources comprise surface 
burners. 

749. The method of claim 745, wherein the one or more heat sources comprise 
flameless distributed combustors. 

750. The method of claim 745, /wherein the one or more heat sources comprise natural 
distributed combustors. 

75 1 . The method of claim 7/45. further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745. further comprising controlling the heat such that an 
average heating rate of the/selected section is less than about 1 °C per day during 
pyrolysis. 



753. The method of claim 745. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B i 



wherein Pwr is the heating energy/day,^? is an average heating rate of the 
formation. p 8 is formation bulk density, and wjierein the heating rate is less than about 1 0 
°C/day. 



754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected/section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

757. The method of claim 745/, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



758. The method of claim j45, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



ir^c 



759. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, Jind wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



\ 
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760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen./ 

/ 
/ 

761 . The method of claim 745, wherein the pro/duced mixture comprises condensable 

hvdrocarbons. and wherein less than about 1 % weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is oxygen. 



762. The method of claim 745, wherein tlW produced mixture comprises condensable 
hydrocarbons, and wherein less than about V % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

764. The method of claim 745, ^herein the produced mixture comprises condensable 

hydrocarbons, and wherein greate/ than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

/ 



74/, 



765, The method of claim 74p, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multif-ring aromatics with more than two rings. 

766. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



768. The method of claim 745, wherein the p/oduced mixture comprises a non- 
condensable component, wherein the non-conaensable component comprises hydrogen, 
wherein the hydrogen is greater than about lp % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

769. The method of claim 745, wherein the produced mixture comprises'ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

770. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

771. The method of claim 743, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

772. The method of clairm 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein the partial pressure of H2 within 
the mixture is greater than about 0.5 bar. 

773. The method of cyaim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

774. The method of :laim 745, wherein the partial pressure of H2 is measured when the 
mixture is at a product on well. 



385 



Conley t Rose & Tayon. P C. 



• 



775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. / 

/ 

/ 

/ 

776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the/mixture into the formation. 

777. The method of claim 745, further comprising: 
providing hydrogen (H2) to the treated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectiorf with heat from hydrogenation. 

778. The method of claim 745, wnerein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

779. The method of claim 745, wherein allowing the heat to transfer comprises 
increasing a permeability of ^/majority of the selected section to greater than about 100 
millidarcy. 

780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

78 1 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

782. The method off claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eac h production well. 
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783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation /o form a repetitive pattern of units. 

785. A method of treating/ a hydrocarbon containing formation in situ, comprising: 
heating a selected volume (w) of the hydrocarbon containing formation, wherein 
formation has an average Meat capacity (C v ), and wherein the heating pyrolyzes at least 
some hydrocarbons within the selected volume of the formation; and 

wherein heatingyenergy/day provided to the volume is equal to or less than Pwr z 
wherein Pwr is calculated by the equation: 
Pwr = h*V*cj*p B 

wherein Pwr is me heating energy/day, h is an average heating rate of the formation, 
p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 

786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 



787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 

788. The method of claim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. 



/ 
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789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. / 



790. The method of claim 785, further comprising controlling a pressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

791 . The method of claim 785, further comprising controlling the heating such that an 
average heating rate of the selected volume is less than about 1 °C per day during 
pyrolysis. / 

792. The method of claim 785, wherfcin a value for C v is determined as an average heat 
capacity of two or more samples taken from the hydrocarbon containing formation. 

793. The method of claim 785, wnerein heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method of claim 785/ wherein heating the selected volume comprises heating 
the selected section such that a tnermal conductivity of at least a portion of the selected 
section is greater than about 0.3 W/(m °C). 

795. The method of claim 7f85, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The method of claim/785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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797. The method of claim 785 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 



798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0. 001/ to about 0.15. 

799. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about i % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



801 . The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phefnols. 

803. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greatenthan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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804. The method of claim 785, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with /more than two rings. 



805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane 

807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than apout 10 % by volume of the non-condensable 
component, and wherein the hydroge^ is less than about 80 % by volume of the non- 
condensable component. 



808. The method of claim 785, wjierein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % tyy weight of the produced mixture is ammonia. 



809. The method of claim 785, yherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to pi£>duce fertilizer 

8 1 0. The method of claim 785,/ further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

811. The method of claim 785, further comprising controlling formation conditions to 
produce a mixture from the for nation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of Hb within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fn/m the formation having carbon 
numbers greater than about 25. 



814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785, further comprising: 

providing hydrogen (H2) to the headed volume to hydrogenate hydrocarbons 
within the volume; and 

heating a portion of the volume with heat from hydrogenation. 



816. The method of claim 785, whenein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



817. The method of claim 785, fimher comprising increasing a permeability of a 
majority of the selected volume to greater than about 100 millidarcy. 

818. The method of claim 785, farther comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 



8 1 9. The method of claim 785, 
than about 60 % by weight 
Assay. 



her comprising controlling the heat to yield greater 
of conjdensable hydrocarbons, as measured by the Fischer 



v 
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820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least apout 7 heat sources are disposed in 
the formation for each production well. 

821. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

822. The method of claim 785, further comt/rising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, andAvherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



823. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or mor£ heat sources to at least a portion of the 
formation; 

allowing the heat to transfer fr6m the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyke hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 
heating rate of the selected section rises by less than about 3 °C per day when the average 
temperature of the selected section is at, or above, the temperature that will pyrolyze 
hydrocarbons within the selected section; and 

producing a mixture from trie formation. 



824. The method of claim 823 

raising the average temperature 
that is at or above a minimum pyi olysis 
formation; 



controlling heat output comprises: 

within the selected section to a first temperature 
temperature of hydrocarbons within the 
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limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when production of formation fluid declines 
below a desired production rate. / 

825. The method of claim 823, controlling heat output comprises: 

raising the average temperature within/the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; / 

limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and / 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 

826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section. 

827. The method of claim 823, wherein the one or more heat sources comprise 
electrical heaters. | 

1 

828. The method of claim 823 J wherein the one or more heat sources comprise surface 
burners. 

829. The method of claim 82:j, wherein the one or more heat sources comprise 
flameless distributed combustorp. 

830. The method of claim 82j3, wherein the one or more heat sources comprise natural 
distributed combustors. j 



393 



Conley : Rose & Tayon. P C. 



83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

832. The method of claim 823, wherein thfe heat is controlled that an average heating 
rate of the selected section is less than about 1.5 °C per day during pyrolysis. 

833. The method of claim 823, wherem the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

834. The method of claim 823, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes ay least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energV/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bilk density. 

835. The method of claim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heatini the selected section such that a thermal conductivity of at least 
a portion of the selected Sjection is greater than about 0.5 W/(m °C). 
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837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least/about 25° 

838. The method of claim 823, wherein thp produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by ^eight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

839. The method of claim 823, whereiA the produced mixture comprises condensable 
hydrocarbons, wherein the condensable iiydrocarbons have an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weightyof the condensable hydrocarbons. 

840. The method of claim 823, Wnerein the produced mixture comprises non- 
condensable hydrocarbons, whereip a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less/;han about 0.15, and wherein the ratio of ethene to 
ethane is greater than about O.OOj 

841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, anp wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons isiess than about 0.10 and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbonsjand wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons /is less than about 0.05 and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



842 



The method of cl 



hydrocarbons, and where 
basis, of the condensable 



m 823, wherein the produced mixture comprises condensable 
n less than about 1 % by weight, when calculated on an atomic 
hydrocarbons is nitrogen. 
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844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

845. The method of claim 823, wherein/he produced mixture comprises condensable 
hydrocarbons, and wherein less than abo^t 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pnenols. 

847. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

848. The method of claim 823, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 

j 

hydrocarbons comprises ipulti-ring aromatics with more than two rings. 



849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherpn less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



850. The method of daim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and whefein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

85 1 . The method of claim 823, wherein the produced mixture comprises a non- 



condensable componen 



wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

852. The method of claim 823, wherein the^produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce/fertilizer. 



yj 



P 

HI 
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854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section oi/the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

855. The method of claim 823/ further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



20 
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856. The method of claim 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

857. The method of claim 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

I 

858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
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providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with/heat from hydrogenation. 



860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method ffirther comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



86 1 . The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

862. The method of claim 823^ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

863. The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 % by weight </f condensable hydrocarbons, as measured by the Fischer 
"Assay. 

864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



865. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a! portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



866. The method 
heat sources to at least 
sources are located in 



of £laim 823, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 



tie 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

iv-* 

over an area of the formation to form a repetitive pattern of units. 



867. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat/ources to at least a portion of the 

formation; to heat a selected section of the formation to an average temperature above 
about 270 °C; 

allowing the heat to transfer from /he one or more heat sources to the selected 
section of the formation; 

controlling the heat from the onk or more heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 

producing a mixture from the/formation. 

868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, wherein the one or more heat sources comprise 
electrical 'heaters. j 

870. The method of claim ^867, further comprising supplying electricity to the electrical 
heaters substantially during non-peak hours. 



871 . The method of claim 867, wherein the one or more heat sources comprise surface 

burners. f 

/ 

.k / 

872. The method of clajm 867, wherein the one or more heat sources comprise 

flameless distributed com^ustors. 

I 
i 
i 

r 

873. The method of cl^im 867, wherein the one or more heat sources comprise natural 
distributed combustors. 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 



a function of pressure. 



/ 
/ 



875. The method of claim 867, whereiy the heat is further controlled such that an 
average heating rate of the selected section is less than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 



876. The method of claim 867, wherein the heat is further controlled that an average 
heating rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 

x v / 

877. The method of claim 867/wherein the heat is further controlled such that an 

1 5 average heating rate of the selec/ed section is less than about 1 °C per day during 
pyrolysis. 



20 
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878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected vqlume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwi\ 
wherein Pwr is calculated ty the equation: 
Pwr = /z*F*C v *p B 

heating energy/day, h is an average heating rate of the 
bulk density. 



wherein Pwr is the 
formation, p B is formation 



879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



\ 

\ 
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880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

881 . The method of claim 867, wherein thj produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



882. The method of claim 867, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % py weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

883. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

15 of the non-condensable hydrocarbons are olefins. 



20 



884. . The method of claim 867/ wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



25 



885. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

886. The method of clairfi 867, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinf less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than/ about 20 % by weight of the condensable 
hydrocarbons are aromatic compound/. 

890. The method of claim 867, vyherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th&n about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

891 . The method of claim 8t>7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lass than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

892. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



893. The method of cMm 867, wherein the produced mixture comprises a non- 
condensable component, [wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 



component, and wherein 
condensable component 



the hydrogen is less than about 80 % by volume of the non- 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



895. The method of claim 867. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

898. The method of claim 89/. wherein the partial pressure of H2 is measured when the 
mixture is at a production well 

899. ' The method of claim i867, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about (25. 



900. The method of claim 867, wherein controlling formation conditions comprises 



recirculating a portion of hydrogen from the mixture into the formation. 

901 . The method of claim 867, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion if the section with heat from hydrogenation. 



403 



Conle\\ Rose& Tayon. P C. 



902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least d portion of the produced hydrogen. 

903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the ^elected section to greater than about 100 
millidarcy. 

904. The method of claim 867. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of claim 867. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

906. The method of claim 867. wlaerein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



907. * The method of claim 867, jfurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



i 



908. The method of claim 86 
heat sources to at least a portion 
sources are located in the 
sources comprises a triangular 
over an area of the formation tc 



. further comprising providing heat from three or more 
of the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
pattern, and wherein a plurality of the units are repeated 
form a repetitive pattern of units. 



909. A method of treating a Hydrocarbon containing formation in situ, comprising: 



\ 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; j 

producing a mixture from the formation through at least one production well: 

monitoring a temperature at or in the production well; and 

controlling heat input to raise the monitored temperature at a rate of less than 
about 3 °C per day. 

910. The method of claim 909. wherein the bnz or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons withiiythe selected section of the formation. 

911. The method of claim 909. wherein /he one or more heat sources comprise 
electrical heaters. 

912. The method of claim 909, where/n the one or more heat sources comprise surface 
burners. 



913. The method of claim 909. wherein the one or more heat sources comprise 
flameless distributed combustors. 

914. The method of claim 909 : wherein the one or more heat sources comprise natural 
distributed combustors. 

915. The method of claim 909. fur:her comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functiqn of temperature, or the temperature is controlled as 
a function of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



r 



10 
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917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some Hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwt\ 
wherein Pwr is calculated by the equation 
Pwr = /?*F*C v *p 5 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 

918. The method of claim 909, wnerein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 
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919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section ifs greater than about 0.5 W/(m °C). 



920. The method of claim 909 
hydrocarbons having an API grafv 



, wherein the produced mixture comprises condensable 
itv of at least about 25°. 



909 



92 1 . The method of claim 
hydrocarbons, and wherein 
condensable hydrocarbons are Olefins 



about 



922. The method of claim 909 
condensable hydrocarbons, wherein 



. wherein the produced mixture comprises condensable 
0.1 % by weight to about 1 5 % by weight of the 



wherein the produced mixture comprises non- 
a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

923. The method of claim 909. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

924. The method of claim 909, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is oxygen. 

925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocaroons is sulfur. 

926. The method of claim 909, w 7 herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic /compounds. 

928. The method of claitn 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalt enes. 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10/% by volume of the non-condensable 
component, and wherein the hydrogen is les/ than about 80 % by volume of the non- 
condensable component. 

932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

933. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim 90% further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

/ 

/ 

935. The method of claim^909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Ft, wherein a partial pressure of H2 
within the mixture is greatef than about 0.5 bar. 

936. The method of claim 935, wherein the partial pressure of H2 is measured when the 
mixture is at a production jwell. 



937. The method of claim 909, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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938. The method of claim 909. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

939. The method of claim 909. further comprising: 

providing H2 to the heated section to hyd^ogenate hydrocarbons within the 
section; and 

heating a portion of the section with hdkt from hydrogenation. 



940. The method of claim 909, wherein tMe produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

941 . The method of claim 909. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

942. The method of claim 909. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909. further comprising controlling the heat to yield greater 
than about 60 % by weight of/condensable hydrocarbons, as measured by the Fischer 
Assay. - 

944. The method of claim 909, wherein producing the mixture comprises producing 
the mixture in a production/well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



945. The method of claim 909, further comprising providing heat from three or more 



heat sources to at least a 



ortion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

946. The method of claim 909. further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit or heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wnerein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

10 947. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support oxidation 
of hydrocarbons within the portion, wherein the portion is located substantially adjacent 
( p to a wellbore; 

H flowing an oxidant through ^conduit positioned within the wellbore to a heat 

□ 15 source zone within the portion, wherein the heat source zone supports an oxidation 

5 S / 

I reaction between hydrocarbons ana the oxidant; 

*~ reacting a portion of the oxidant with hydrocarbons to generate heat; and 

f"U transferring generated heat substantially by conduction to a pyrolysis zone of the 

formation to pyrolyze at least ^[portion of the hydrocarbons within the pyrolysis zone. 

20 

948. The method of claim J947. wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 

949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
25 method further comprising flowing the oxidant through the critical flow orifices to the 

heat source zone. 

950. The method of clafim 947, further comprising removing reaction products from the 
heat source zone throush the wellbore. 



5=3 
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951 . The method of claim 947. further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 



952. The method of claim 947. further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947 r further comprising heating the conduit with reaction 
products being removed through the wellbor^. 

954. The method of claim 947 ; wherein/the oxidant comprises hydrogen peroxide. 

955. The method of claim 947. wherein the oxidant comprises air. 

956. The method of claim 947. wherein the oxidant comprises a fluid substantially free 
of nitrogen. / 

957. The method of claim 947,mirther comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

958. The method of claim 947. wherein heating the portion of the formation comprises 
electrically heating the format/on. 



959. The method of claim 947 ; wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



960. The method of claim 947. wherein heating the portion of the formation comprises 
heating the portion with a fl ameless distributed combustor. 

961 . The method of claim 947. further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

962. The method of claim 947, further comprisin/controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 



963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the fo/mation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

965. The method of claim 947, further comprising: 
providing hydrogen (H2) to pe pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pj^olysis zone with heat from hydrogenation. 

966. The method of claim 94j7, wherein transferring generated heat comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 



millidarcy. 



967. The method of claim £47, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



968. The method of claim 947, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



969. The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials alon \ a heated length of the wellbore. 



412 



Conley. Rose & Tayon. P.C. 



970. The method of claim 947, wherein the wellbore is located along strike to increase 
uniformity of heating along a heated length of the wellbore. 

971 . The method of claim 947 ; wherein the wellbore is located along strike to increase 
control of heating along a heated length of me wellbore. 



o 



10 



15 



20 



25 



972. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the condu/t to the hydrocarbons; 

allowing the oxidant and th^f hydrocarbons to react to produce heat in a heat 
source zone; 

allowing heat to transfer £f*om the heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone; 
and 

removing reaction products such that the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim/972, wherein heating the portion of the formation comprises 
raising the temperature of the portion above about 400 °C. 



974. The method of claiip 972. wherein heating the portion of the formation comprises 
electrically heatine the formation. 



975. The method of clai 
heating the portion using 



m 972 ; wherein heating the portion of the formation comprises 
exhaust gases from a surface burner. 
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t 

976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant/through the critical flow orifices to the 
heat source zone. 

977. The method of claim 972. wherein the conduit is located within a wellbore, 
wherein removing reaction products compi/ses removing reaction products from the heat 
source zone through the wellbore. 

978. The method of claim 972. further comprising removing excess oxidant from the 
heat source zone to inhibit transport oflhe oxidant to the pyrolysis zone. 

979. The method of claim 972, funher comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

980. The method of claim 972, wherein the conduit is located within a wellbore, the 
method further comprising heating the conduit with reaction products being removed 
through the wellbore to raise a temperature of the oxidant passing through the conduit. 

98 1 . The method of claim 972. wherein the oxidant comprises hydrogen peroxide. 

982. The method of claim 9/72. wherein the oxidant comprises air. 

983. The method of claim ^72, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

985. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. 
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986. The method of claim 972, wherein heating a portion of the formation to a 
temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 

987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of Jthe pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

989. The method of claim 972/wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972, wherein allowing heat to transfer comprises 
heating the pyrolysis zone such that a thermal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 W/(m °C). 

991 . The method of clainj 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis ^one. wherein the controlled pressure is at least about 2.0 bar 
absolute. 



992. The method of claftn 972, further comprising: 

providing hydrogepi (H2) to the pyrolysis zone to hydrogenate hydrocarbons 



within the pyrolysis zone 
heating a portion 



and 

)f the pyrolysis zone with heat from hydrogenation. 



V 
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993. The method of claim 972 ? wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyijolysis zone to greater than about 100 
millidarcy. 



994. The method of claim 972, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

995. The method of claim 972. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by the Fischer 
Assay. 

996. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion onthe formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heat source zone in the formation; 

allowing the oxidizing gas io react with at least a portion of the hydrocarbons at 
the heat source zone to generate qeat in the heat source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 

/ 



^6 5 

through the heat source zone b^ diffusion. 



997. The method of claim 9y6 5 further comprising transporting the oxidizing fluid 



998. The method of claim $96, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 
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1 000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

1001 . The method of claim 996, wherein a conauit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. / 

1 002. The method of claim 996, wherein 4 conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the ox/dizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation proauct in the conduit. 

1003. The method of claim 996, wheyein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

1004. The method of claim 996, wherein a center Conduit is disposed within an outer 
conduit, and wherein the outer corpiit is disposed within the opening, the method further 
comprising providing the oxidizinjg fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

1005. The method of claim 996! wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1006. The method of claim 996, wherein heating the portion comprises applying 
electrical current to an electric heater disposed within the opening. 



V 
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1007. The method of claim 996, wherein the pyrolysis zone is substantially adjacent to 
the heat source zone. 

1008. The method of claim 996, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



1009. The method of claim 996, further Comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1011. The method of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C1 

1012. The method of claim 996. further comprising controlling a pressure within at least 
a majority of the pyrolysis zqne, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

1013. The method of claim 996, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 



1014. The method of claim 996. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 
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1015. The method of claim 996. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



1016. The method of claim 996, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensabl^hydrocarbons. as measured by the Fischer 
Assay. 

1017. A method of treating a hydroca/bon containing formation in situ, comprising: 
providing heat from one or m^re heat sources to at least a portion of the 

formation; 

allowing the heat to transfe/ from the one or more heat sources to a selected 
section of the formation; 

producing a mixture froiri the formation; and 

maintaining an average /temperature within the selected section above a minimum 
pyrolysis temperature and bel©w a vaporization temperature of hydrocarbons having 
carbon numbers greater than/>5 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greater than 25 in the mixture. 

1018. The method of cla^n 1017, wherein the one or more heat sources comprise at 
least two heat sources. anj3 wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas/ some hydrocarbons within the selected section of the 
formation. j 

1019. The method of £laim 1017, wherein maintaining the average temperature within 
the selected section co/nprises maintaining the temperature within a pyrolysis 
temperature range, j 

l 

1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 
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1021. The method of claim 1017, wherein the yrie or more heat sources comprise 
surface burners. 

1022. The method of claim 1017, wherein tf\e one or more heat sources comprise 
flameless distributed combustors. 

1023. The method of claim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
than about 270 °C. 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

1 026. The method of claim LD 1 7, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as fa function of temperature, or the temperature is controlled as 
a function of pressure. 

1 027. The method of clajfm 1017. further comprising controlling the heat such that an 
average heating rate of th£ selected section is less than about 1 °C per day during 
pyrolysis. 



30 



1028. The method of olaim 1017. wherein providing heat from the one or more heat 
sources to at least the nortion of formation comprises: 



heating a selec 
one or more heat sour 
wherein the heating p; 
the formation: and 



ed volume (F) of the hydrocarbon containing formation from the 
res, wherein the formation has an average heat capacity (C v ). and 
✓rolvzes at least some hydrocarbons within the selected volume of 



v 
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wherein heating energy/day provided to the volume is equal to or less than Pm\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/dky, h is an average heating rate of the 
formation, p B is formation bulk density, ai/d wherein the heating rate is less than about 10 
°C/day. 

1 029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1030. The method of claim 1017/wherein providing heat from the one or more heat 
sources comprises heating the seLected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 03 1 . The method of claim V01 7, wherein the produced mixture comprises condensable 
hydrocarbons having an APygravity of at least about 25°. 

1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1033. The method of claim 1017. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1034. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydroc^bons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 L 



v 
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1035. The method of claim 1017. wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is nitrogen. 

r 

1 036. The method of claim 1017. wherein ihe produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons i^ oxygen. 

1037. The method of claim 1017, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiv about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1038. The method of claim 10Y7, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about S/% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1039. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

/ 

1040. The method of ilaim 1017 ; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 041. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight/to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 043. The method of claim 1017. wherein me produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen i/less than about 80 % by volume of the non- 
condensable component. 

1 044. The method of claim 1017, ^herein the produced mixture comprises ammonia, 
and wherein greater than about O.Qp % by weight of the produced mixture is ammonia. 

1045. The method of claim 10W, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1046. The method of claim A 01 7, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1048. The method on claim 1047, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 



1049. The method/of claim 1017. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1050. The method of claim 1017, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1 05 1 . The method of claim 1017, wherein the t/roduc^d mixture comprises hydrogen 
and condensable hydrocarbons, the method furt/ner comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1052. The method of claim 1017, wherein Allowing the heat to transfer comprises 
increasing a permeability of a majority ofpe selected section to greater than about 100 
millidarcy. 

1053. The method of claim 1017. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1054. The method of claim 1017/further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1055. ' The method of claim 1/317, wherein producing the mixture comprises producing 
the mixture in a production wjelL and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1057. The method of claim 1 01 7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

/ 

over an area of the formation to form a repetitive pattern of units. 

1058. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heaj sources to at least a portion of the 

formation; / 

allowing the heat to transfer from me one or more heat sources to a selected 
section of the formation; / 

controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25: and 

producing a mixture from the formation. 

1 059. The method of claim 1 058. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1060. The method of claim 1058, wherein the one or more heat sources comprise 
electrical heaters. / 

1061 . The method of claim 1 058. wherein the one or more heat sources comprise 
surface burners. / 

1062. The method of claim 1058, wherein the one or more heat sources comprise 
flameless distributed/combustors. 

1063. The method/of claim 1058, wherein the one or more heat sources comprise natural 
distributed combusrtors. 

1064. The methop of claim 1058, further comprising controlling a temperature within at 
least a majority oflthe selected section of the formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

1065. The method of claim 1064. wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selectecpsection is less than about 1 °C per day during 
pyrolysis. 

1067. The method of claim A 058. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected/volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating p/rolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pw is calculated by the equation: 
Pwr = hJV*C v *p B 

wherein/Pwr is the heating energy/day. h is an average heating rate of the 
formation. p B if formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1 068. The method of claim 1 058, wherein allowing the heat to transfer comprises 
transferring peat substantially by conduction. 

1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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1070. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 07 1 . The method of claim 1 058, whereii/ the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1072. The method of claim 1058, Wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1073. The method of claim 1)058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wierein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than abom: 0.001 . 

1074. The method of claim 1058. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1075. The methodiof claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condejnsable hydrocarbons is oxygen. 

1076. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 077. The me hod of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, vherein about 5 % by weight to about 30 % by weight of the condensable 

i 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1078. The method of claim 1058, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein greater than apout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



IsaF 

is 
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1079. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring/aromatics with more than two rings. 

1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/fhan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1081. The method of claim k 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein About 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



20 
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1082. The method of dim 1058, wherein the produced mixture comprises a non- 
condensable component,/wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is /greater than about 10 % by volume of the non-condensable 
component, and whereiji the hydrogen is less than about 80 % by volume of the non- 
condensable componei|t. 

1083. The method oijfclaim 1058, wherein the produced mixture comprises ammonia, 
and wherein greater tlian about 0.05 % by weight of the produced mixture is ammonia. 



1084. The method of 
and wherein the amir 



claim 1058, wherein the produced mixture comprises ammonia, 
onia is used to produce fertilizer. 
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1085. The method of claim 1058, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/ 

/ 

1086. The method of claim 1058. further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1087. The method of claim 1086, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen firom the mixture into the formation. 

1089. The method of claim 1058/further comprising: 
providing hydrogen (H2) /o the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the Section with heat from hydrogenation. 

1090. - The method of claim y058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 091 . The method of claim 1 058, wherein allowing the heat to transfer comprises 
increasing a permeability <pf a majority of the selected section to greater than about 100 
millidarcy. 



1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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1093. The method of claim 1058, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1094. The method of claim 1058. where/n producing the mixture comprises producing 
the mixture in a production well, and wtyerein at least about 7 heat sources are disposed in 
the formation for each production welly 

1095. The method of claim 1058. further comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1096. The method of claim 1(j58, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1097. A method of treatimg a hydrocarbon containing formation in situ, comprising: 
providing heat fro/n one or more heat sources to at least a portion of the 

formation; 

allowing the heati to transfer from the one or more heat sources to a selected 
section of the formation/ and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



1098. The method of claim 1097, wherein the one or more heat sources comprise at 
least two heat source^, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1099. The method of claim 1097, whereip the one or more heat sources comprise 
electrical heaters. 

1 100. The method of claim 1097, wherein the one or more heat sources comprise 
surface burners. 

1101. The method of claim 1 097, ^herein the one or more heat sources comprise 
flameless distributed combustors. 

1 102. The method of claim 10^7, wherein the one or more heat sources comprise natural 
distributed combustors. 

1 103. The method of claim i097, further comprising controlling a pressure and a 

temperature within at least a/ majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. / 

/ 

1 104. The method of claim 1097, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 

1 105. The method of cjlaim 1097, further comprising controlling the heat such that an 
average heating rate offthe selected section is less than about 1 °C per day during 
pyrolysis. 

1 106. The method of claim 1097, wherein providing heat from the one or more heat 



sources to at least the 



portion of formation comprises: 



431 



Conley. Rose & Tayon. P C. 



n 



10 



heating a selected volume (I 7 ) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating ^nergy/day, h is an average heating rate of the 
formation, p B is formation bulk depsity. and wherein the heating rate is less than about 10 
°C/day. 

1 107. The method of claim 10^97, wherein allowing the heat to transfer comprises 
transferring heat substantially/by conduction. 



15 1108. The method of claim 1 097, wherein providing heat from the one or more heat 
sources comprises heatingAhe selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



T 1 1 09. The method of claim 1 097, wherein the produced mixture comprises condensable 

tsaf / 

(«* 20 hydrocarbons having an API gravity of at least about 25°. 



25 



30 



1110. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1111. The method of claim 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-conden sable hydrocarbons are olefins. 

1112. The method of claim 1097. wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.1 5, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1113. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1115. The method of claim 1 09V , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1116. The method of clainr 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1117. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and whferein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1118. The method/of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, andiwherein less than about 5 % by weight of the condensable 
hydrocarbons cornrprises multi-ring aromatics with more than two rings. 



1119. The methjbd of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, aAd wherein less than about 0.3 % by weight of the condensable 
hydrocarbons ar t asphaltenes. 
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1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes( 



1121. The method of claim 1097, wherein the produced mixture comprises a non- 
condensable component, wherein the noA-condensable component comprises hydrogen, 
wherein the hydrogen is greater than at/out 10 % by volume of the non-condensable 
component, and wherein the hydroge^ is less than about 80 % by volume of the non- 
condensable component. 

1 122. The method of claim 1097/ wherein the produced mixture comprises ammonia, 
and wherein greater than about 0./)5 % by weight of the produced mixture is ammonia. 

1 123. The method of claim 1 097, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim/1097, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1 125. The method of clajm 1097, further comprising controlling formation conditions to 

i 

produce a mixture of condensable hydrocarbons and YL2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



aim 



1 126. The method of cl 
the mixture is at a production 



1 125, wherein the partial pressure of H2 is measured when 
well. 



1 1 27. The method of claim 1 097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

\ 
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1 128. The method of claim 1097. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 129. The method of claim 1097, further comprising: 

providing hydrogen (H2) to the heated/section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section wit!/ heat from hydrogenation. 



1 130. The method of claim 1097. wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, Avherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 1 32. The method of claim 1 097, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 133. The method of claim |097. further comprising controlling the heat to yield greater 
than about 60 % by weight o| condensable hydrocarbons, as measured by the Fischer 
Assay. 



1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a productionjwelL and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1135. The method of 
heat sources to at least a portion 



claiin 1097 ; further comprising providing heat from three or more 
of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 136. The method of claim 1097, furthec^comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1137. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a section of the formation to a pyrolysis temperature from at least a first 

heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat sourcp and the third heat source are located along a perimeter of 
the section; 

controlling heat inptit to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 15% by weight of 
condensable fluids (on a dry basis) within the produced mixture; and 

producing the mixture from the formation through a production well. 



1 138. The method of claim 1137. wherein superposition of heat form the first heat 



source, second heat 
within the formation 



1139. The method 
270 °C and about 4 0 



of claim 1137. wherein the pyrolysis temperature is between about 
°C. 



1140. Themethoc 
about twenty four 



ource. and third heat source pyrolyzes a portion of the hydrocarbons 
to fluids 



of claim 1137. wherein the first heat source is operated for less than 
Hours a da v. 
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1141. The method of claim 1 137. wherein the first/heat source comprises an electrical 
heater. 

1 142. The method of claim 1 137, wherein the /irst heat source comprises a surface 
5 burner. 

1 143. The method of claim 1137, wherein jfne first heat source comprises a flameless 
distributed combustor. 

10 1 144. The method of claim 1137, wherein the first heat source, second heat source and 
P third heat source are positioned substantially at apexes of an equilateral triangle. 

£ 1 145. The method of claim 1 137, wherein the production well is located substantially at 

p a geometrical center of the first heat source, second heat source, and third heat source. 

□ 15 / 

1 146. The method of claim 1 137, further comprising a fourth heat source, fifth heat 

j™ / 

<~ source, and sixth heat source locatpd along the perimeter of the section. 

m 



?J3=f 

E 



1 147. The method of claim 1 14£, wherein the heat sources are located substantially at 
M 20 apexes of a regular hexagon. 

1 148. The method of claim 1 1^7, wherein the production well is located substantially at 
a center of the hexagon. 

25 1 149. The method of claim 1 437, further comprising controlling a pressure and a 
temperature within at least a majority of the section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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1 150. The method of claim 1137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 



1151. The method of claim 1137. further comprising controlling the heat such that an 
average heating rate of the section is less than about 3 °C per day during pyrolysis. 

1 152. The method of claim 1 137, further comprising controlling the heat such that an 
average heating rate of the section is less than about 1 °C per day during pyrolysis. 

1 1 53. The method of claim 1137, Wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume / V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes af least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B j 

wherein Pwr is the ^heating energy/day, h is an average heating rate of the 
formation, p B is formation /bulk density, and wherein the heating rate is less than about 10 
°C/day. j 



1 154. The method of clpim 1137, wherein heating the section of the formation 
comprises transferring hpat substantially by conduction. 

" j 

1155. The method of dlaim 1137, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C). 
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1 1 56. The method of claim 1 1 37 5 wherein the produced mixture comprises condensable 

/ 

hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by )veight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 158. The method of claim 1137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein ainolar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less th^n about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1 159. The method of claim 1 13)7, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ i 

basis, of the condensable hydrocarbons is nitrogen. 

1 160. The method of claim 1137. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is oxygen. 

1161. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulfur. 



1 1 62. The method of/claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounc s comprise phenols. 
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1 163. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °//by weight of the condensable 
hydrocarbons are aromatic compounds. 



1 164. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatic:? with more than two rings. 

1 165. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiyt 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 166. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 Vj by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 167. The method of claim 1 137/wherein the produced mixture comprises a non- 
condensable component, wherein/the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater pan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 168. The method of claim l/l37 } wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 1 69. The method of claim/ 1137, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 1 70. The method of claim 1137, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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1171. The method of claim 1 137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons/and H2, wherein a partial pressure of Ha 
within the mixture is greater than about 0.5 bar/ 



1 1 72. The method of claim 1171. wherein jlie partial pressure of H2 is measured when 
the mixture is at a production well. 

1 1 73. The method of claim 1137, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 174. The method of claim 1137, ^herein controlling formation conditions comprises 
recirculating a portion of hydrogeiyfrom the mixture into the formation. 

1 1 75. The method of claim 1137, further comprising: 
providing hydrogen (H 2 )/to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the/section with heat from hydrogenation. 

1 176. The method of claim 1137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 1 77. The method of claim 1137, heating the section comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 



1 1 78. The method of claim 1137. wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 
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1 1 79. The method of claim 1137, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1 180. The method of claim 1137. wherein producing the mixture comprises producing 
the mixture in a production well, and whereip at least about 7 heat sources are disposed in 
the formation for each production well. 

1181. The method of claim 1 137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 

1 1 82. The method of claim 1 137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the format/on in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 1 83. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from <jme or more heat sources to at least a portion of the 

formation; 

allowing the heat to/transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixtune from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1 184. The method of claim 1 183. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 185. The method of claim 1 1 83. wherein the/one or more heat sources comprise 
electrical heaters. 

1 1 86. The method of claim 1183, wherein/the one or more heat sources comprise 
surface burners. 

1187. The method of claim 1183, whe/ein the one or more heat sources comprise 
flameless distributed combustors. 

1 188. The method of claim 1 183, v/herein the one or more heat sources comprise natural 
distributed combustors. 

1 1 89. The method of claim 1 1 83( further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 190. The method of claim lA 89, wherein controlling the temperature comprises 
maintaining the temperature yithin the selected section within a pyrolysis temperature 
range. 



1 191. The method of claim/ 1 183, further comprising controlling the heat such that an 



average heating rate of the 
pyrolysis. 

1 192. The method of claiifri 
sources to at least the porti 



:lected section is less than about 1 °C per day during 



1 183, wherein providing heat from the one or more heat 
)n of formation comprises: 



V 
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heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bum density, and wherein the heating rate is less than about 10 
°C/day. / 

1 1 93. The method of clatfn 1 1 83, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 1 94. The method oy claim 1 1 83, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of tht selected section is greater than about 0.5 W/(m °C). 

1 1 95. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 1 96. The metpod of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 1 97. The nrethod of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 1 98. The method of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than aboutV0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1 199. The method of claim 1 1 83. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thah about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydroca/bons is oxygen. 



m 



1200. The method of claim 1 L83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

10 basis, of the condensable hydrocarbons is sulfur. 

1201. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

15 containing compounds comprise phenols. 



20 



25 



30 



1202. The method of claim 1 1 83 5 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1203. The method Af claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1204. The method 
hydrocarbons, and 
hydrocarbons are asbhaltenes 



1205. The method 



sf claim 1 183, wherein the produced mixture comprises condensable 
wherein less than about 0.3 % by weight of the condensable 



;>f claim 1 183, wherein the produced mixture comprises condensable 
therein about 5 % by we 
condensable hydrocarbons are cycloalkanes. 



hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
:Abc 
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1206. The method of claim 1 183, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1207. The method of claim 1 1 »3, wherein the produced mixture comprises ammonia, 
and wherein greater than about £.05 % by weight of the produced mixture is ammonia. 

1208. The method of claim yl 83, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1209. The method of claim 1 1 83, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1210. The method of claim 1183, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2. wherein a partial pressure of H 2 
within the mixture is ereater than about 0.5 bar. 



1211. The method of claim 1211, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 



1212. The method of 
formation to inhibit prc}du< 
numbers greater than about 



1213. The method of 
recirculating a portion 



aim 1 1 83, further comprising altering a pressure within the 
iction of hydrocarbons from the formation having carbon 
25. 



aim 1 183. wherein controlling formation conditions comprises 
of hydrogen from the mixture into the formation. 



v 
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1214. The method of claim 1183, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section vith heat from hydrogenation. 

1215. The method of claim 1183, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1216. The method of claim 1 1 8 J, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1217. The method of claim 1 183, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1 1 83, further comprising controlling the heat to yield greater 
than about 60 % by weigljt of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1219. The method of claim 1 183, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1 220. The method of claim 1183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1221. The method of 
heat sources to at leasi 



claim 1 1 83, further comprising providing heat from three or more 
a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and/wherein a plurality of the units are repeated 



^ j wne 



over an area of the formation to form a repetitive pattern of units 



1222. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or m^re heat sources to at least a portion of the 

formation; 

allowing the heat to transfe/ from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture fromf the formation, wherein the produced mixture comprises 
condensable hydrocarbons, andAvherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

1223. The method of claim /222, wherein the one or more heat sources comprise at 

least two heat sources, and ^herein superposition of heat from at least the two heat 

sources pyrolyzes at least sj>me hydrocarbons within the selected section of the 

formation. j 

I 
/ 

1224. The method of cl^im 1222, wherein the one or more heat sources comprise 

/ 

electrical heaters. / 



1225. The method of cjlaim 1222, wherein the one or more heat sources comprise 
surface burners. \ 

1226. The method of claim 1222, wherein the one or more heat sources comprise 
flameless distributed cpmbustors. 

1227. The method of [claim 1222, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected/section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1229. The method of claim 1228, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected sec/ion is less than about 1 °C per day during 
pyrolysis. 



123 1 . The method of claim 1222, ^herein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume! V) of the hydrocarbon containing formation from the 
one or more heat sources, wherem the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes a^t least some hydrocarbons within the selected volume of 
the formation; and 

•wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by/the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the Meating energy/day, h is an average heating rate of the 
formation, p B is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 



1232. The method 
transferring heat substant 



of clafim 1222, wherein allowing the heat to transfer comprises 
ally by conduction. 
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1233. The method of claim 1222, wherein providing^heat from the one or more heat 
sources comprises heating the selected section such^hat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method of claim 1222, wherein ttte produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1236. The method of claim 1222. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons/are olefins. 

1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherem a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less/than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about O.OOfl. 

1238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1239. The method of claim ft 222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 240. The method of clai: 
hydrocarbons, and whereir 
basis, of the condensable h 



1222, wherein the produced mixture comprises condensable 
' less than about 1 % by weight, when calculated on an atomic 
/drocarbons is sulfur. 
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1241 . The method of claim 1222. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to' about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

\ 

1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thai/ about 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 

1243. The method of claim 1222, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein l^ss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene 

1245. The method of claipi 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1246. The method of daim 1222, wherein the produced mixture comprises a non- 
condensable component wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen vs greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable compone it. 

1247. The method ofj claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

/ 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about (p bar. 

1251. The method of claim 1250, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. / 

1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1254. The method of claim |222, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1255. The method of claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. j 

i 

1257. The method of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 258. The method of claim 1 222, further Comprising controlling the heat to yield greater 
than about 60 % by weight of condensab)e hydrocarbons, as measured by the Fischer 
Assay. 

1 259. The method of claim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1261. The method of claim/ 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1262. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat fcom one or more heat sources to at least a portion of the 
formation; 

allowing the hek to transfer from the one or more heat sources to a selected 
section of the formatio i: and 
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producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less thari about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1263. The method of claim 1262, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1264. The method of claim 1262, \ykerein the one or more heat sources comprise 
electrical heaters. 

1265. The method of claim 126^, wherein the one or more heat sources comprise 
surface burners. 

1266. The method of claim ^262, wherein the one or more heat sources comprise 
flameless distributed combusrtors. 

1267. The method of cla^ 1262, wherein the one or more heat sources comprise natural 
distributed combustors. 

1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature within at lefast a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure] 



1269. The method 
maintaining the temp 
range. 



claim 1268, wherein controlling the temperature comprises 
erature within the selected section within a pyrolysis temperature 
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1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 



pyrolysis. 



/ 



/ 



1271 . The method of claim 1262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) ; and 
wherein the heating pyrolyzes at least sonjfe hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or lesS than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1272. The method of claim 12*>2, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1273. The method of claim/1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selec^d section is greater than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 



laim 
API 



hydrocarbons having an API gravity of at least about 25°. 



1275. The method of 
hydrocarbons, and 
condensable 



aim 1262, wherein the produced mixture comprises condensable 
whefein about 0.1 % by weight to about 15 % by weight of the 
hydrocarbbns are olefins. 
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1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0 '.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than ^oout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1278. The method of claim 1262, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 126£, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1281. The method of claim 1262. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromati ; compounds. 



1282. The method of cl 
hydrocarbons, and w] 
hydrocarbons comprises 



i im 



1262, wherein the produced mixture comprises condensable 
herein less than about 5 % by weight of the condensable 
multi-ring aromatics with more than two rings. 
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1283. The method of claim 1262. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1284. The method of claim 1262, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1285. The method of claim 1262, whprein the produced mixture comprises a non- 
condensable component, wherein the/non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thaiY about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1286. The method of claim 126&, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1287. The method of claim ]/262, wherein the produced mixture comprises ammonia, 

and wherein the ammonia is jased to produce fertilizer. 

/ 

1288. The method of claim 1262, further comprising controlling a pressure within at 

t 

least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/ 

1289. The method of clajim 1262, further comprising controlling formation conditions to 
produce a mixture of con iensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1290. The method of c 
the mixture is at a prod 



l&im 1289, wherein the partial pressure of H2 is measured when 
udtion well. 
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1291. The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 



numbers greater than about 25. 



/ 



1292. The method of claim 1262, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from theymixture into the formation. 

1293. The method of claim 1262, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectiorywith heat from hydrogenation. 

1294. The method of claim 1262, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a n^ajority of the selected section to greater than about 100 
millidarcy. 

1296. The method of claim ]f262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1297. The method of claim 1262, further comprising controlling the heat to yield greater 



than about 60 % by weight 
Assav . 



1298. The method of 
the mixture in a production 
the formation for each 



of condensable hydrocarbons, as measured by the Fischer 



claim 1262. wherein producing the mixture comprises producing 

well, and wherein at least about 7 heat sources are disposed in 
production well. 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit/of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation iri a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1301. A method of treating a hydrocarbon containing formation in situ, comprising: 
raising a temperature of a/first section of the formation with one or more heat 

sources to a first pyrolysis temperature; 

heating the first section io an upper pyrolysis temperature, wherein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 

producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons amd FL; 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; 

providing a portiojh of the second mixture to the second section; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a third mixture from the second section. 



1302. The method of 
removing condensable 



laim 130L wherein creating the second mixture comprises 
hvdrocarbons from the first mixture. 
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1303. The method of claim 1301, wherein creating^the second mixture comprises 
removing water from the first mixture. 

1304. The method of claim 1301, wherein creaj/lng the second mixture comprises 
removing carbon dioxide from the first mixture 

1305. The method of claim 1301, wherein t^e first pyrolysis temperature is greater than 
about 270 °C. 

1306. The method of claim 1301, wherein the second pyrolysis temperature is greater 
than about 270 °C. 

1307. The method of claim 1301, wl^rein the upper pyrolysis temperature is about 500 

°C. 

1308. The method of claim 1301, Avherein the one or more heat sources comprise at 
least two heat sources, and whereiA superposition of heat from at least the two heat 
sources pyrolyzes at least some l^ydrocarbons within the first or second selected section 
of the formation. 

1309. The method of claim 1^01, wherein the one or more heat sources comprise 
electrical heaters. 

1310. The method of claim|l301, wherein the one or more heat sources comprise 
surface burners. 

1311. The method of clairfi 1301, wherein the one or more heat sources comprise 
flameless distributed combtistors. 



1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed combustors. 
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\ 



1313. The method of claim 1301, further comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301, further comprising controlling the heat to the first and 
second sections such that an average heatirtg rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. / 

1315. The method of claim 1301, wherein heating the first and the second sections 
comprises: / 

heating a selected volume (V)pf the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring heat/ substantially by conduction. 

1317. The method of claim 1301, wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m °C). 
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1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 



1319. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about/0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins, j 

1320. The method of claim 1301, wherein/the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a /molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from ajpout 0.001 to about 0.15. 

132 1 . The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1322. The method of claim 1301, therein the first or third mixture comprises 

condensable hvdrocarbons, and wherein less than about 1 % by weight, when calculated 

/ 

on an atomic basis, ot the condensable hydrocarbons is oxygen. 



1323. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, ancjf wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



1 324. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons oomprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

1325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 
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1326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less" than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



/ 

/ 

1327. The method of claim 1301, whe/ein the first or third mixture comprises 
condensable hydrocarbons, and wherem less than about 0.3 % by weight of the 
condensable hydrocarbons are asphal/fenes. 

1328. The method of claim 1301, /wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

1329. The method of claim 1^01, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. 



1330. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein greater thay about 0.05 % by weight of the produced mixture is ammonia. 

/ 

1331. The method of^laim 1301, wherein the first or third mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1332. The method of claim 1301, further comprising controlling a pressure within at 



least a majority of th 
pressure is at least about 2.0 bar absolute 



; first or second sections of the formation, wherein the controlled 
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1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons/and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar? 

1334. The method of claim 1333, wherein me partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well. 

1335. The method of claim 1301, further comprising altering a pressure within the 
formation to inhibit production of hyd/ocarbons from the formation having carbon 
numbers greater than about 25. / 

1336. The method of claim 130lJ\irther comprising: 

providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 

1337. The method of claim V301, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a ponion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a maj ority of the first or second section. 

1340. The method of claim 1301, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 
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1341. The method of claim 1301, wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for eaclyproduction well. 



1342. The method of claim 1301, further c/omprising providing heat from three or more 
heat sources to at least a portion of the fojpnation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 343 . The method of claim 1301, fi/rther comprising providing heat from three or more 
heat sources to at least a portion of Aie formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1344. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to ^ansfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixturjfe from the formation; and 

hydrogenating a pprtion of the produced mixture with produced from the 
formation. 

1345. The method of claim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at lepst some hydrocarbons within the selected section of the 
formation. 



1346. The method o 
the selected section 



claim 1344, further comprising maintaining a temperature within 
wjthin a pyrolysis temperature range. 
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1347. The method of claim 1344, wherein thj/one or more heat sources comprise 
electrical heaters. 

1348. The method of claim 1344, wherei/i the one or more heat sources comprise 
surface burners. 

1349. The method of claim 1344, wl^rein the one or more heat sources comprise 
flameless distributed combustors. 

1350. The method of claim 1344, /vherein the one or more heat sources comprise natural 
distributed combustors. 

1351. The method of claim 1 34^4, further comprising controlling a pressure and a 
temperature within at least a mafjority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1352. The method of claim 1344, further comprising controlling the heat such that an 
average heating rate of the^'selected section is less than about 1 °C per day during 
pyrolysis. / 



1353. The method of cl^im 1344, wherein providing heat from the one or more heat 
sources to at least the po'rtion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sourcp. wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyiolyzes at least some hydrocarbons within the selected volume of 
the formation; and j 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 



Pwr = h*V*G 



*Pb 
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wherein Pwr is the heating energy/day, h is/an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 354. The method of claim 1 344, wherein ^/lowing the heat to transfer comprises 
transferring heat substantially by conductioi* 

1355. The method of claim 1344, wherein providing heat from the one or more heat 
sources comprises heating the selected sfection such that a thermal conductivity of at least 
a portion of the selected section is grea/er than about 0.5 W/(m °C). 

1356. The method of claim 1344, wnerein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 1 34^, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are mefins. 

1358. The method of claim 1644, wherein the produced mixture comprises non- 
condensable hydrocarbons, apd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1359. The method of clairp 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and whereii^ less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and where n less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1361. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1362. The method of claim 1344. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to/about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1363. The method of claim 1344, whereof the produced mixture comprises condensable 
hydrocarbons, and wherein greater than atjout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1364. The method of claim 1344, wherfein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1365. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thary about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1366. The method of claim 1344i wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about p % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherei i the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight/of the produced mixture is ammonia. 

1369. The method of claim 1344, wherein th^produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1370. The method of claim 1344, further aomprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1371. The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1372. The method of claim 1344, Wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1373. The method of claim 1344/ further comprising altering a pressure within the 
formation to inhibit production off hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1374. The method of claim 1344, further comprising: 

providing hydrogen (HJ) to the heated section to hydrogenate hydrocarbons 
within the section; and I 

heating a portion of the section with heat from hydrogenation. 

1375. The method of claim 1B44, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1376. The method of claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by the Fischer 
Assay. 



10 



1378. The method of claim 1344, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



15 



1379. The method of claim 1344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



Q 

't 3 



20 



1380. The method of claim 1644, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formatipn to form a repetitive pattern of units. 



25 



30 



1381. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation; 
producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
the formation to provide 



formation. 



a reducing environment within the second section of the 
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1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heaten 

1383. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 

1384. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

1385. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

1386. The method of claim 1381, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

1387. The method of claim 138il, further comprising controlling the heat such that an 
average heating rate of the first pr second section is less than about 1 °C per day during 
pyrolysis. / 

1388. The method of claim lp81 } wherein heating the first section or heating the second 
section further comprises: J 

heating a selected volume ( V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyze s at least some hydrocarbons within the selected volume of 
the formation; and 

wherein, heating eneigy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein me heating rate is less than about 10 

°C/day. / 

1389. The method of claim 1381, wherein heatiiig the first section or heating the second 
section comprises transferring heat substantially by conduction. 

1390. The method of claim 1381, wherein Heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greater than about 0.5 W/(m °C). 

1391. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 
having an API gravity of at least about 25°. 

1392. The method of claim 138 1, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

1393. The method of claim 188 1 9 further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

1394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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1395. The method of claim 1381, further comprising, producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

1396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixtu/e comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wfyen calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1 397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. / 



1398. The method of claim 138 r, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 °/j> by weight of the condensable hydrocarbons are aromatic 
compounds. 



/ 

1399. The method of claim ^381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 °/Jby weight of the condensable hydrocarbons comprises multi- 

ring aromatics with more ttfan two rings. 

I 

I 
i 

1400. The method of claim 1381, further comprising producing a mixture from the 



second section, wherein th 
wherein less than about 0. 
asphaltenes. 



s produced mixture comprises condensable hydrocarbons, and 
% by weight of the condensable hydrocarbons are 
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1401. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

1402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1403. The method of claim 1381, furtHer comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



1404. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertili 



izer. 



1405. The method of claim 1381, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bfir absolute. 

1406. The method of claim '1381, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Fb, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



1407. The method of claim 
measured when the mixture 



1406, wherein the partial pressure of H2 within a mixture is 
is at a production well. 
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1408. The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon^from the formation having carbon 
numbers greater than about 25. / 

1409. The method of claim 1381, furtherycomprising: 

providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the second/section with heat from hydrogenation. 

1410. The method of claim 1381, farther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of me produced condensable hydrocarbons with at least a 
portion of the produced hydrogen; 

1411. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than abfout 100 millidarcy. 

1412. The method of claim/1381, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling thef heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by the Fischer Assay. 

1414. The method of < laim 1381, further comprising producing a mixture from the 
formation in a productisn well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation^ wherein three or more of the heat 
sources are located in the formation in a unit at heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern,/and wherein a plurality of the units are repeated 
over an area of the formation to forma repetitive pattern of units. 

1417. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2. wherein the partial 
pressure of H2 within the mixtjure is greater than about 0.5 bar. 

1418. The method of claim A417, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least so ne hydrocarbons within the selected section of the 
formation. 

1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature \\tathin the selected section within a pyrolysis temperature 
range. \ 
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1420. The method of claim 1417, wherein the pne or more heat sources comprise 
electrical heaters. 

1 42 1 . The method of claim 1417, wherein/he one or more heat sources comprise 
surface burners. 

1422. The method of claim 1417, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1423. The method of claim 1417, wherein the one or more heat sources comprise natural 
distributed combustors. 

1424. The method of claim 141 7, /further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1425. The method of claim l/H 7, further comprising controlling the heat such that an 
average heating rate of the se/ected section is less than about 1 °C per day during 
pyrolysis. 



1426. The method of claim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected /volume (V) of the hydrocarbon containing formation from the 
one or more heat sources! wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroflyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation 
Pwr = h*V*C v *p B 



411 



Conle\\ Rose & Tayon. P.C. 



wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1427. The method of claim 1417, wherein Allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1429. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

143 1 . The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1432. The method of clami 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

: lydrocarbons is nitrogen. 



basis, of the condensable 



1433. The method of 
hydrocarbons, and where 
basis, of the condensable 



cl^im 1417, wherein the produced mixture comprises condensable 
n less than about 1 % by weight, when calculated on an atomic 
lydrocarbons is oxygen. 
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1434. The method of claim 141 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfu/ 

1435. The method of claim 1417. wherein trie produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenolsi 

1436. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds 

1437. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1438. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1440. The method of claim [1417, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



wherein the hydrogen is gre< 
component, and wherein the 
condensable component. 



ter than about 10 % by volume of the non-condensable 
hydrogen is less than about 80 % by volume of the non- 
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1441 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein/the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section yof the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1445. The method of claim 14/7, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1446. The method of claim A 4 17, further comprising: 
providing hydrogen /H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



1447. The method of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a/portion of the produced condensable hydrocarbons with at least 

portion of the produced! hydrogen. 



1448. The method of 
increasing a permeabil 
millidarcv. 



laim 1417, wherein allowing the heat to transfer comprises 
ty of a majority of the selected section to greater than about 100 
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1449. The method of claim 1417, wherein aUoWing the heat to transfer comprises 
substantially uniformly increasing a permeapility of a majority of the selected section. 

1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

145 1. The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, arid wherein at least about 7 heat sources are disposed in 
the formation for each production/well. 

1452. The method of claim 14 If 7, further comprising providing heat from three or more 
heat sources to at least a portiom of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1453. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1454. The method of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



treiating a hydrocarbon containing formation in situ, comprising: 
from one or more heat sources to at least a portion of the 



1455. A method of 

providing heat 
formation; 

allowing the he&t to transfer from the one or more heat sources to a selected 
section of the formation 
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maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H2, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected /Section; and 

producing a mixture from the format/on, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1456. The method of claim 1455, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1457. The method of claim 1455. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1458. The method of claim 145p, wherein the one or more heat sources comprise 
electrical heaters. 

1459. The method of claim l/l55, wherein the one or more heat sources comprise 
surface burners. 

1460. The method of claimf 1455, wherein the one or more heat sources comprise 
flameless distributed combiistors. 



1461 . The method of claipi 1455, wherein the one or more heat sources comprise natural 
distributed combustors. 



laim 1455, further comprising controlling the pressure and a 
a majority of the selected section of the formation, wherein 
as a function of temperature, or the temperature is controlled as 



1462. The method o f c lc 
temperature within at leapt 
the pressure is controlled 
a function of pressure. 
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1463. The method of claim 1455, further comprising/controlling the heat such that an 
average heating rate of the selected section is less thaln about 1 °C per day during 
pyrolysis. 

1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least som^hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr ~ h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1465. The method of claim 145i>, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1467. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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1469. The method of claim 1455, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1 °/<fby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1470. The method of claim 1455, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

147 1. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarb/ons is sulfur. 

1472. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5r/o by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1474. The method of olaim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1475. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, and w ierein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1476. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by, weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkahes. 

1477. The method of claim 1455, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogp is less than about 80 % by volume of the non- 
condensable component. 

1478. The method of claim 1455/ wherein the produced mixture comprises ammonia, 
and wherein greater than about 0A)5 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1465, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

148 1 . The method of claiijh 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 

1482. The method of claim 1455, further comprising decreasing pressure of the selected 
section, to a lower limit pf about atmospheric pressure, to increase an amount of 
condensable hvdrocarbqfns produced from the formation. 



1483. The method of 
pressure based on 



laim 1455, wherein the partial pressure comprises a partial 
properties measured at a production well. 



485 



Conley. Rose & Tayon. P C. 



1484. The method of claim 1455, further comprising altering the pressure within the 

/ . 

formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1485. The method of claim 1455, furth/r comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455, further comprising: 
providing hydrogen (H 2 ) to /he heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1487. The method of claim 1455, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability/of a majority of the selected section to greater than about 100 
millidarcy. 



1489. The method of c 
substantially uniformly 

1490. The method of c 



aim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section. 



aim 1455, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1491. The method of c laim 1455, wherein producing the mixture comprises producing 



the mixture in a produc 



ion well, and wherein at least about 7 heat sources are disposed in 



the formation for each Production well. 
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1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat/sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the forma/ion, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1494. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; 

producing a mixture tVom the formation. 



1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and therein superposition of heat from at least the two heat 
sources pyrolyzes at least spme hydrocarbons within the selected section of the 
formation. 

1496. The method of clailm 1494, further comprising maintaining a temperature within 



the selected section withir 



a pyrolysis temperature range. 



1497. The method of claim 1494, further comprising separating a portion of hydrogen 



within the mixture and rec 



rculating the portion into the formation. 
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1498. The method of claim 1494, wherein the one or mor^f heat sources comprise 
electrical heaters. 

1499. The method of claim 1494, wherein the one $r£ more heat sources comprise 
surface burners. 

1500. The method of claim 1494, wherein thf one or more heat sources comprise 
flameless distributed combustors. 

1501. The method of claim 1 494, where/n the one or more heat sources comprise natural 
distributed combustors. 

1 502. The method of claim 1494, farther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1503. The method of claim 1^494, further comprising controlling the heat such that an 
average heating rate of the s/lected section is less than about 1 °C per day during 
pyrolysis. 



1 504. The method of cl^im 1494, wherein providing heat from the one or more heat 
sources to at least the pofoion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) ? and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heatifig energy/day provided to the volume is equal to or less than Pwr, 
wherein Air is calcinated by the equation: 
Pwr = h*V*$ v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 505. The method of claim 1494, wherein allo\y(ng the heat to transfer comprises 
transferring heat substantially by conduction. 

1 506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected secfion such that a thermal conductivity of at least 
a portion of the selected section is greatej/than about 0.5 W/(m °C). 

1507. The method of claim 1494, wh/rein the produced mixture comprises condensable 
hydrocarbons having an API gravity 6f at least about 25°. 

1508. The method of claim 1494Ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouyO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1509. The method of claim 094, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1510. The method of clai 
hvdrocarbons, and wherein 



1494, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is nitrogen. 

1511. The method of clai!m 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherei l less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable lydrocarbons is oxygen. 



\ 
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1512. The method of claim 1494. wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1 % by yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1513. The method of claim 1494. wherein the? produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing Compounds, and wherein the oxygen 
containing compounds comprise phenolsJ 

1514. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thaai about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1515. The method of claim 1494/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tlian about 5 % by weight of the condensable 
hydrocarbons comprises multi-rmg aromatics with more than two rings. 

1516. The method of claim W94, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1517. The method of claim 1494, wherein the produced mixture comprises condensable 



hydrocarbons, and wherei 



condensable hydrocarbons are cycloalkanes 



1518. The method of c 
condensable component 
wherein the hydrogen is 
component, and wherein 
condensable component. 



him 



about 5 % by weight to about 30 % by weight of the 



1494, wherein the produced mixture comprises a non- 
wherein the non-condensable component comprises hydrogen, 
greater than about 10 % by volume of the non-condensable 
the hydrogen is less than about 80 % by volume of the non- 
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1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of/the produced mixture is ammonia. 

1520. The method of claim 1494, wherein the/produced mixture comprises ammonia, 
and wherein the ammonia is used to produce/fertilizer. 

1521. The method of claim 1494, furthe/ comprising controlling a pressure within at 
least a majority of the selected section cfi the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, wherein a pajrial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1^94, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1525. The method of </laim 1494, wherein providing hydrogen (H2) to the formation 
further comprises: 



hydrogenating 
heating a port 



1526. The method o 

producing hyc ro 
hydrogenatinj; 

portion of the produc 



ydrocarbons within the section; and 
m of the section with heat from hydrogenation. 



claim 1494, further comprising: 

gen and condensable hydrocarbons from the formation; and 
a portion of the produced condensable hydrocarbons with at least a 
d hydrogen. 
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1527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1528. The method of claim 1494, whereir/allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1529. The method of claim 1494, fuciher comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



Q 
O 



IssF 
g.sa 



15 



20 



25 



30 



1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production welL and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1531. The method of clainy 1494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the Formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1532. The method of c^aim 1494, further comprising providing heat from three or more 
heat sources to at least i portion of the formation, wherein three or more of the heat 
sources are located in tfie formation in a unit of heat sources, wherein the unit of heat 
sources compnses a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1533. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formati :>n; 
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providing H? to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with/heat from the hydrogenation: 



controlling heating of the selected section by controlling amounts of H2 provided 
to the selected section. / 

1 534. The method of claim 1 533, wherein Xm one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1535. The method of claim 1533, furtl/er comprising maintaining a temperature within 
the selected section within a pyrolysis/temperature range. 

1536. The method of claim 1533, wherein the one or more heat sources comprise 
electrical heaters. / 

1537. The method of claim 1523, wherein the one or more heat sources comprise 
surface burners. / 

1538. The method of claim A 533, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1539. The method of claiin 1533, wherein the one or more heat sources comprise natural 
distributed combustors. 

1540. The method of chim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controllec as a function of temperature, or the temperature is controlled as 
a function of pressure. 



and 



/ 
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1541. The method of claim 1533, further comprising controlling the heat such that an 



1542. The method of claim 1533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day pj/ovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1 543. The method of claim/l 533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1544. The method of claim 1533, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected /section is greater than about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least ibout 25°. 

1546. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 



Pwr = h*V*C v *p B 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

1 547. The method of claim 1533, further comprising producing a mixture from the 
formation ; wherein the produced mixture comprises nem-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the nonTCondensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

1548. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whe^f calculated on an atomic basis; of the 
condensable hydrocarbons is nitrogen. 

1 549. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixtu/e comprises condensable hydrocarbons, and 
wherein less than about 1 % by weighy, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen/ 

1550. The method of claim 1533, /further comprising producing a mixture from the 
formation, wherein the produced nfuxture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is suli 



1551. The method of claim 1 5p3 , further comprising producing a mixture from the 
formation, wherein the producep mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds and wherein the oxygen containing compounds comprise 
phenols. 



1552. The method of claim 
formation, wherein the 



1)533, further comprising producing a mixture from the 
produded mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 



1 553. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

1 554. The method of claim 1 533, further/comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weigfyf of the condensable hydrocarbons are 
asphaltenes. 

1555. The method of claim 1533, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to pout 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

1556. The method of claim Y533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensab/e component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % bv volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



1 557. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 

of the produced mixture is ammonia. 



about 0.05 % by weight 



1558. The method of c 
formation, wherein the 
is used to produce fertili 



aim 1533, further comprising producing a mixture from the 
produced mixture comprises ammonia, and wherein the ammonia 
;er. 
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1559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 

1560. The method of claim 1 533, further comprising controlling formation conditions to 
produce a mixture from the formation, whej/ein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

10 1561. The method of claim 1560, wheflkin the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



15 



1 562. The method of claim 1533, further comprising altering a pressure within the 
formation to inhibit production of tyydrocarbons from the formation having carbon 
numbers greater than about 25. 



1563. The method of claim 1533, further comprising controlling formation conditions 
by recirculating a portion of h}progen from a produced mixture into the formation. 



20 1564. The method of claim A 533, further comprising: 

producing hydrogen/and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



25 



30 



1565. The method of claim 1533, wherein allowing the heat to transfer comprises 
increasing a permeability] of a majority of the selected section to greater than about 100 
millidarcy. 



1566. The method of c 
substantially uniformly 



aim 1533, wherein allowing the heat to transfer comprises 
ncreasing a permeability of a majority of the selected section. 
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1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least at 
heat sources are disposed in the formation for each/production well. 



1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 

sources comprises a triangular pattern. j 

i 

1569. The method of claim 1533, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, /and wherein a plurality of the units are repeated 
over an area of the formation to form A repetitive pattern of units. 

1570. An in situ method for producing H2 from a hydrocarbon containing formation, 
comprising: 

providing heat from one oj more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture frqjm the formation, wherein a H 2 partial pressure within the 
mixture is greater than about 0l5 bar. 



1571. The method of claim |570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least so^ie hydrocarbons within the selected section of the 
formation. 



1572. The method of claim 
the selected section within a 



1570, further comprising maintaining a temperature within 
pyrolysis temperature range. 
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1573. The method of claim 1570, wherein the one or more heat sources comprise 



electrical heaters. 



/ 



1574. The method of claim 1570, wherein tpe one or more heat sources comprise 
surface burners. 

1575. The method of claim 1 570, wher^n the one or more heat sources comprise 
flameless distributed combustors. 

1576. The method of claim 1570, wl/erein the one or more heat sources comprise natural 
distributed combustors. 

1577. The method of claim 1570,/further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1 578. The method of claim 1570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 



1579. The method of claini 1570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected \folume (V) of the hvdrocarbon containing formation from the 
one or more heat sources, Wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating e lergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *pl 



\ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and where^i the heating rate is less than about 10 
°C/day. 

1580. The method of claim 1570, wherein al/owing the heat to transfer comprises 
transferring heat substantially by conductior 

1581. The method of claim 1570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is grea/er than about 0.5 W/(m °C). 

1582. The method of claim 1570, Wnerein the produced mixture comprises condensable 
hydrocarbons having an API gravis of at least about 25°. 

1583. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1584. The method of claim A 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1585. The method of claifri 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereih less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable nydrocarbons is nitrogen. 

1586. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and where in less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable) hydrocarbons is oxygen. 
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1587. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/ when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 



1588. The method of claim 1570. wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight to about 3 
hydrocarbons comprise oxygen containing compounds, 
containing compounds comprise phenols 



1589. The method of claim 1570, wherein the producejd 
hydrocarbons, and wherein greater than About 20 % by 
hydrocarbons are aromatic compounds/ 



% by weight of the condensable 
and wherein the oxygen 



mixture comprises condensable 
weight of the condensable 



1590. The method of claim 1570, Wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less tha^ about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1591. The method of claim 1570, wherein the produced 
hydrocarbons, and wherein less tqan about 0.3 % by wei 
hydrocarbons are asphaltenes. 



mixture comprises condensable 
ght of the condensable 



1592. The method of claim 15/70, wherein the produced mixture comprises condensable 

It 30 °A 



hydrocarbons, and wherein about 5 % by weight to aboi 
condensable hydrocarbons are cycloalkanes. 



% by weight of the 



1593. The method of claim/1570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein thjb hydrogen is less than about 80 \o by volume of the non- 
condensable component. 
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1 594. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 595. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 596. The method of claim 1 570, further comprising 
least a majority of the selected section of the 
is at least about 2.0 bar absolute. 



controlling a pressure within at 
formatlion, wherein the controlled pressure 



1597. The method of claim 1570, further comprising 
formation to inhibit production of hydrocarbons from 
numbers greater than about 25. 



altering a pressure within the 
the formation having carbon 



1 598. The method of claim 1 570, further comprisitf; 
hydrogen within the mixture into the formation. 

1599. The method of claim 1570, further comprisin 
component from the produced mixture and hydrogen, 
with a portion of the hydrogen. 



g recirculating a portion of the 



condensing a hydrocarbon 
.ting the condensed hydrocarbons 



1600. The method of claim 1570, further comprising! 

providing hydrogen (H2) to the heated section t^) hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hVdrogenation. 



1601 . The method of claim 1 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected sec^on to greater than about 100 
millidarcy. 
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1602. The method of claim 1570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1603. The method of claim 1570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by the Fischer 
Assay. / 

1604. The method of claim 1570, whdrein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wejl. 

1605. The method of claim 1570,tfurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the format/on in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fibrmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1607. The method of claim 1570, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1608. A method of treating a hydrocarbon containing formation injina^omprismg: 
providing heat from one or more heaLsoureesTo^tleast a portion of the 

formation; ^ "~" 

aUe^ong the heat to transfer from the one or more heat sources to a selected 
^se^tion of the formation; 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weight percentage of at least a portion of hydrocarbons in the selected section, 
and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and / 

producing a mixture from the formation. / 

1609. The method of claim 1608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within th? selected section of the 
formation. / 

1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1611. The method of claim 1608, wherein the one or more heat sources comprise 
electrical heaters. / 

1612. The method of claim J/o08, wherein the one or more heat sources comprise 
surface burners. / 

1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1614. The rnethod of claim 1608, wherein the one or more heat sources comprise natural 
distributee! combustors. 

16 ly The method of claim 1608, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising controlling the heat such that aj; 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1617. The method of claim 1608, wherein providing be^from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of Aeiiydrocarbon containing formation from the 
one or more heat sources, wherein rt^rormation has an average heat capacity (C v ), and 
wherein the heating pyrolyzej^t least some hydrocarbons within the selected volume of 
the formation; and 

wherein hearing energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is^alculated by the equation: 
P\y/= h*V*C v *p B 

/herein Pwr is the heating energy/day, h is an average heating rate of the 
fomfation, p B is formation bulk density, and wherein the heating rate is less than about 10 
Vday. 

1618. The method of claim 1608, wherpfa allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1619. The method of claim 1608, wherein providing heat from the oneorms 
sources compnses4ieatms^n^selectecl section such that a thermal conductivity of at least 

Portion of the selected section is greater than about 0.5 W/(m °C). 

1620. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity ofj&t least about 25°. 



1621. The method of claim 1608^ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abdut 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non^ 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in we non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. X 

1623. The method of claim 1608, wherein the produced mixture^omprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wlWn calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1624. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % m weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than^bout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1626. The method of clainf 1608, wherein the produced mixture comprises condensable 
hydrocarbons, wherein a^out 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compoups comprise phenols. 

1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1628f The method of claim 1608, wherein the produced mixture comprises condensable 
hwocarbons, and wherein less than about 5 % by weight of the condensable 
jfydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 by weight of the condensable 
hydrocarbons are asphaltenes. 

1630. The method of claim 1608, w#£rein the produced mixture comprises condensable 
hydrocarbons, and wherein about p% by weight to about 30 % by weight of the 
condensable hydrocarbons are oycloalkanes. 



1 63 1 . The method of claim 1 608, wherein the produced mixture compri^esjjian--^ 
condensable component, wherein thejionzixindettsat^ comprises hydrogen, 
wherein the hydrog^-fe'greater than about 10 % by volume of the non-condensable 
componentr^nd wherein the hydrogen is less than about 80 % by volume of the non- 
cptrdensable component. 

1632. The method of claim 1608, wherein the p^fiuced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weigjn of the produced mixture is ammonia. 

1633. The method of claim 1608, wherej/fi the produced mixture comprises ammonia, 
and wherein the ammonia is used to prgfluce fertilizer. 



1 634. The method of claim 1 608 i 3irAeF-coTrrprising controlling a pressure within at ^ 
least a maiority^ftHe selected section of the formation, wherein the controlled pressure 
"iTat least about 2.0 bar absolute. 



1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1636. The methpd of claim 1635, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprisin^ltering a pressure within the 
formation to inhibit production of hydrocarbons fjprnn the formation having carbon 
numbers greater than about 25. 

1638. The method of claim 1608, furthef comprising controlling formation conditions 
by recirculating a portion of hydrogen^rom the mixture into the formation. 

1639. The method of claim 1608, further comprising*: 
providing hydrogen (H2) to the heated sepuon to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section \^fh heat from hydrogenation. 

1640. The method of claim 1608, furthei^omprising: 
producing hydrogen and conde*fsable hydrocarbons from the formation; and 
hydrogenating a portion o^me produced condensable hydrocarbons with at least a 

portion of the produced hydrog 

1641. The method of claim 1608, wherein allowing the heat to transfer comj 
increasing a permeability of a majority of the selected secUorU^-^ater than about 100 
millidarcy. 

1642. The-Tnethod of claim 1608, wherein allowing the heat to transfer comprises 
Sstantially uniformly increasing a permeability of a majority of the selected section. 

1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensate hydrocarbons, as measured by the Fischer 
Assay. 

1644. The method of claim 1608, wherHnj^mdud the mixture gompM^f^rprr^M^ing 
the mixture io-a-prodnctionwell, and wherein at least about 7 heat sources are disposed in 

formation for each production well. 
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1645. The method of claim 1608, further comprising providing heat from three or mor£ 
heat sources to at least a portion of the formation, wherein three or more of the heat / 
sources are located in the formation in a unit of heat sources, and wherein the unit pi heat 
sources comprises a triangular pattern. / 

1646. The method of claim 1608, further comprising providing heat fron/three or more 
heat sources to at least a portion of the formation, wherein three or mo^e of the heat 
sources are located in the formation in a unit of heat sources, wherem the unit of heat 
sources comprises a triangular pattern, and wherein a plurality ofihe units are repeated 
over an area of the formation to form a repetitive pattern of uruts. 

1647. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat source^ :o at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage m greater than about 4.0 %; and 

producing a mixture fronyme formation. 

1648. The method of claini 1647, wherein the one or more heat sources comprise at 
least two heat sources, ami wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1649. The rcfethod of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1650. /The method of claim 1647, wherein the one or more heat sources comprise 
electrical heaters. 
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165 1 . The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. / 

1652. The method of claim 1647, wherein the one or more heat sources ^omprise 
flameless distributed combustors. / 

1653. The method of claim 1647, wherein the one or more heatsources comprise natural 
distributed combustors. / 

1654. The method of claim 1647, further comprising Controlling a pressure and a 
temperature within at least a majority of the selected^ section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 655. The method of claim 1647, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1656. The method of claim 164v, wherein providing heat from the one or more heat 
sources to at least the portion/f formation comprises: 

heating a selected volume ( V) of the hydrocarbon containing formation from the 
one or more heat source^, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; anja 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pyr is calculated by the equation: 

/ wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
X/day. 
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1657. The method of claim 1647, wher^m allowing the heat to transfer comprises 
transferring heat substantially by coaouction. 

1658. The method of claim 1647, wherein providing heat from the one or morejieafc 

SOUrCeS rnrnpri^pj; ^fating thp rplprt o H Qontinn ^t rtrh-lir^r^^rr^\ conductivity of at least 

-^rpoftion of the selected section is greater than about 0.5 W/(m °C). 

1659. The method of claim 1647, wherein the produced mixture comprises condensaW? 
hydrocarbons having an API gravity of at least about 25°. f 

1660. The method of claim 1647, wherein the produced mixture comprisgscondensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % b^tfeight of the 
condensable hydrocarbons are olefins. 

1661 . The method of claim 1647, wherein the producpfa mixture comprises non- 
condensable hydrocarbons, and wherein a molar vmo of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboutSTOOl to about 0.15. 

1662. The method of claim 1647, wh^ein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrgrcarbons is nitrogen. 

1663. The method opflaim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the cotffaensable hydrocarbons is oxygen. 



1664. >fhe method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
sis, of the condensable hydrocarbons is sulfur. 
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1665. The method of claim 1647, wherein the produced mixture comprises condensahjfg 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygepr 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixtui^fomprises condensable 
hydrocarbons, and wherein greater than about 20 % by weigjjn of the condensable 
hydrocarbons are aromatic compounds. f 

1667. The method of claim 1647, wherein the oroduced mixture comprises condensable 
hydrocarbons, and wherein less than about SJyq by weight of the condensable 
hydrocarbons comprises multi-ring arom^fics with more than two rings. 

1668. The method of claim 164^; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein l^ss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaj^enes. 

1669. The m^mod of claim 1647, wherein the produced mixture comprises condensable 
hydroaj*#ons, and wherein about 5 % by weight to about 30 % by weight of the 
compensable hydrocarbons are cycloalkanes. 

1670. The method of claim 1647, wherein the produced mixture compri§£ 
condensable component, wherein the nor>coiidertsaEIe^omponent comprises hydrogen, 
wherein the hydrogerus^eatgfthan about 10 % by volume of the non-condensable 
componery<afid wherein the hydrogen is less than about 80 % by volume of the non- 

idensable component. 



1671. The method of claim 1647, wherein Outproduced mixture comprises ammonia, 
and wherein greater than about 0.05 % b^weight of the produced mixture is ammonia. 
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1672. The method of claim 1647, whereinMe produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1673. The method of claim 1647, further comprising controlling a pressurewi 
least a majority of the selected sect ion of the fnmiAjW>--wh? 5 ^ controlled pressure 
is^at-4e3stabout 2.0 bar absolute. 

1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure sf H2 within the mixture is greater than 
about 0.5 bar. 

1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1676. The method of claim 1647, further comprisin^ltering a pressure within the 
formation to inhibit production of hydrocarbons fr^m the formation having carbon 
numbers greater than about 25. 

1677. The method of claim 1647, further afmprising controlling formation conditions 
by recirculating a portion of hydrogen (rom the mixture into the formation. 

1678. The method of claim 1647, further comprisk 
providing hydrogen (H2) to the heated^ction to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



1679. The method of claim 1647, furthep^mprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion oMhe produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1680. The method of claim 1647, wherein allowing the heat to transfer comprise 
increasing a permeability of a majority of the selected section to greater th^ja^Sout 100 
millidarcy. 

1681 . Ibe-rfiethod of claim 1647, wherein allowing the heat to transfer comprises 
Tstantially uniformly increasing a permeability of a majority of the selected section. 

1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1683. The method of claim 1647, wherein producing the mixture comprises producif 
the mixture in a production well, and wherein at least about 7 heat sources ^^disposed in 
the formation for each production well. 

1684. The method of claim 1647, further comprisimppfoviding heat from three or more 
heat sources to at least a portion of the formatmnfwherein three or more of the heat 
sources are located in the formation in ajnrn of heat sources, and wherein the unit of heat 
sources comprises a triangular pat 

1685. The method o^elaim 1647, further comprising providing heat from three or more 
heat sources to afleast a portion of the formation, wherein three or more of the heat 
sources allocated in the formation in a unit of heat sources, wherein the unit of heat 
sounds comprises a triangular pattern, and wherein a plurality of the units are repeated 
*ver an area of the formation to form a repetitive pattern of units. 

1686. A method of treating a hydrocartfon containing formation in situ, comprising: 
providing heat from one or mor^ heat sources to at least a portion of the 

formation; 

allowing the heat to transfer frjbm the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
portion of the hydrocarbons in the selected section ccpprises a vitrinite reflectance of 
greater than about 0.3 %; 

wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 

producing a mixture from the formation. 

1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons ]!vithin the selected section of the 
formation. 

1688. The method of claim 1686, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 

1689. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
such that a majority of the produced mixture comprises condensable hydrocarbons. 

1690. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 



1691. The method of claim 1 686, whe 
electrical heaters. 

1692. The method of claim 1686, whe 
surface burners. 



ein the one or more heat sources comprise 



rein the one or more heat sources comprise 
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1693. The method of claim 1686, wherein the one of more heat sources comprise 
flameless distributed combustors. 

1694. The method of claim 1686, wherein the oi/e or more heat sources comprise natural 
distributed combustors. 

1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1696. The method of claim 1686, further Comprising controlling the heat such that an 
average heating rate of the selected sectioq is less than about 1 °C per day during 
pyrolysis. 



1697. The method of claim 1686, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1698. The method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such\hat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least apout 25°. 

1701. The method of claim 1686, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1702. The method of claim 1686, wherein tl 
condensable hydrocarbons, and wherein a m<|)lar 
condensable hydrocarbons ranges from about 



1703. The method of claim 1686, wherein 
hydrocarbons, and wherein less than about 



e produced mixture comprises non- 
ratio of ethene to ethane in the non- 
0.001 to about 0.15. 



he produced mixture comprises condensable 
% by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is nitrogen. 



1704. The method of claim 1686, whereim the produced mixture comprises condensable 



hydrocarbons, and wherein less than aboui 
basis, of the condensable hydrocarbons is 



1 % by weight, when calculated on an atomic 
Oxygen. 



1 705. The method of claim 1686, where n 
hydrocarbons, and wherein less than about 
basis, of the condensable hydrocarbons is 



the produced mixture comprises condensable 
1 % by weight, when calculated on an atomic 
sulfur. 



1706. The method of claim 1686, where 
hydrocarbons, wherein about 5 % by wei 
hydrocarbons comprise oxygen containin 
containing compounds comprise phenols 



in the produced mixture comprises condensable 
;ht to about 30 % by weight of the condensable 
compounds, and wherein the oxygen 
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1707. The method of claim 1686, wherein the produqed mixture comprises "condensable 
hydrocarbons, and wherein greater than about 20/% by weight of the condensable 
hydrocarbons are aromatic compounds. 



1708. The method of claim 1686, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/ 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1710. The method of claim 1686, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cjpoalkanes. 

1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein thq hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1712. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1713. The method of claim 
and wherein the ammonia 



1686, wherein the produced mixture comprises ammonia, 
is used to produce fertilizer. 
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1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the fo^nahon, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1715. The method of claim 1686, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

1716. The method of claim 1715, Wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at A production well. 

1717. The method of claim 168,6, further comprising altering a pressure within the 
formation to inhibit production/)f hydrocarbons from the formation having carbon 
numbers greater than about 25/ 

1718. The method of claim 1686, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1719. The method of claim 1686, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; anc 

heating a portion of the section with heat from hydrogenation. 

1 720. The method of claim 1686, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenatfing a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 72 1 . The methpd of claim 1 686, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1 722. The method of claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1723. The method of claim 1686, further/comprising controlling the heat to yield greater 
than about 60 % by weight of condensab/e hydrocarbons, as measured by the Fischer 
Assay. 

1724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulay pattern. 



1726. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a pc/rtion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1 727. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat trom one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formatic n; 

wherein the se ected section has been selected for heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
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producing a mixture from the formation. 

1728. The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1729. The method of claim 1727, furper comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
electrical heaters. / 

1 73 1 . The method of claim 1 7^7, wherein the one or more heat sources comprise 
surface burners. / 

1732. The method of claim V727, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1733. The method of claim 1727, wherein the one or more heat sources comprise natural 
distributed combustors. 

1734. The method of claim 1727, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled z s a function of temperature, or the temperature is controlled as 
a function of pressure. 



521 



Conley. Rose & Tayon. P.C. 



1735. The method of claim 1727, further comprising controlling the heat such that an 

/ • 

average heating rate of the selected section is less than about 1 °C per day during 



pyrolysis. 



/ 



r? 
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5 1 736. The method of claim 1 727, wherein providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume (fO of tpe hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least spme hydrocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day pcbvided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = H*V*C v *Pb 

wherein Pwr is the heating&nergy/day, h is an average heating rate of the 
15 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



20 



25 



30 



1 737. The method of claim 1 727, wherein allowing the heat to transfer comprises 
transferring heat substantially /by conduction. 

1738. The method of claim/1727, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sedtion is greater than about 0.5 W/(m °C). 



1 739. The method of claiin 
hydrocarbons having an A$l 



1 740. The method of claii n 
hydrocarbons, and wherein 
condensable hydrocarbons 



1727, wherein the produced mixture comprises condensable 
gravity of at least about 25°. 



1727, wherein the produced mixture comprises condensable 
about 0. 1 % by weight to about 1 5 % by weight of the 
ire olefins. 
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1741 . The method of claim 1 727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.Oyl to about 0.15. 



1742. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 r/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 744. The method of claim 1727, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein less thafi about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocapons is sulfur. 

1745. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 51% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1746. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiry greater than about 20 % by weight of the condensable 



hydrocarbons are aromatic 



1 747. The method of claim 
hydrocarbons, and whereii 
hydrocarbons comprises multi 



compounds. 



1727, wherein the produced mixture comprises condensable 
less than about 5 % by weight of the condensable 
-ring aromatics with more than two rings. 
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1748. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 %/by weight of the condensable 
hydrocarbons are asphaltenes. / 

1749. The method of claim 1727, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 750. The method of claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than apout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1751. The method of claim 1 727,/wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1752. The method of claim 1727, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is usefd to produce fertilizer. 

1753. The method of claim 1127, further comprising controlling a pressure within at 
least a majority of the selected/section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1754. The method of claim 11727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. J 

1 755. The method of claim 1 754, wherein the partial pressure of H2 within the mixture 
is measured when the mixturje is at a production well. 
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1 756. The method of claim 1 727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 757. The method of claim 1 727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1758. The method of claim 1727, further comprising: 
providing hydrogen (H 2 ) to the heated /ection to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with/heat from hydrogenation. 



1759. The method of claim 1727, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1760. The method of claim 1727,^wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1 76 1 . The method of claim 1 727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 762. The method of claim 



1'727, further comprising controlling the heat to yield greater 
condensable hydrocarbons, as measured by the Fischer 



than about 60 % by weight of 
Assay. 

1763. The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1764. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

heat sources to at least a portion of the formatiorj( wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 

1767. The method of claim 1766, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas/ some hydrocarbons within the selected section of the 
formation. 



1 768. The method of claim 1 766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1 769. The method o 
electrical heaters. 



claim 1766, wherein the one or more heat sources comprise 
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1770. The method of claim 1766, wherein the one or more heat sources comprise 

surface burners. j 

/ 

1771. The method of claim 1766, wherein the one or moye heat sources comprise 
flameless distributed combustors. 
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1772. The method of claim 1766, wherein the one pj more heat sources comprise natural 
distributed combustors. 

1773. The method of claim 1766, further comprising controlling a pressure and a 
temperature within at least a majority of the/selected section of the formation, wherein 
the pressure is controlled as a function of jemperature, or the temperature is controlled as 
a function of pressure, 

1774. The method of claim 1766, fitfther comprising controlling the heat such that an 
average heating rate of the selectedy6ection is less than about 1 °C per day during 
pyrolysis. 

1775. The method of claim 17)66, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wnerein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyjfes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eriergy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
p wr = h*V*C v *p 

wherein Pwr is tt e heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1776. The method of claim 1766, wherein allowing the,heat to transfer comprises 
transferring heat substantially by conduction. 

1 777. The method of claim 1 766, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



10 



1778. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1779. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons sure olefins. 

1780. The method of claim 1766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1781. The method/of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 782. The method of claim 1766, wherein the produced mixture comprises condensable 
25 hydrocarbons./and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



30 



1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1784. The method of claim 1766, wherein the produced mixture comprises condensable 

hydrocarbons, wherein about 5 % by weight to about 30"% by weight of the condensable 

/ 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / « 

1785. The method of claim 1766, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds/ 

1 786. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1787. The method of claim 1/766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 788. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 789. The method of claim 1 766, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1790. The methoc of claim 1766, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1791. The method of claim 1766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer.) 

1 792. The method of claim 1 766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1793. The method of claim 1766, furaier comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1794. The method of claim 1793, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 795. The method of claim k 766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1796. The method of c/aim 1766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1797. The method air claim 1766, further comprising: 

providing hyprogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

1 798. The method of claim 1 766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogena:ing a portion of the produced condensable hydrocarbons with at least a 
portion of the pro< uced hydrogen. 
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1 799. The method of claim 1766, wherein allowing the heat to transfer comprises 

A 

increasing a permeability of a majority of the selected section to greater than about 100 

/ 

millidarcy. 

1 800. The method of claim 1766. wherein/allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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1 801 . The method of claim 1 766, furtner comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1802. The method of claim 1766; wherein producing the mixture comprises producing 
the mixture in a production well/ and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1803. The method of claim/1766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at leasy a portion of the formation, wherein three or more of the heat 
sources are located iiy the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1805. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing 1 Leat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of less than about /s% when measured on a dry, ash free 
basis; and 

producing a mixture from the formfation. 



1806. The method of claim 1805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1807. The method of claim 1805,yfurther comprising maintaining a temperature within 
the selected section within a pyrowsis temperature range. 

1808. The method of claim 1805, wherein the one or more heat sources comprise 
electrical heaters. 

1 809. The method of claim jl 805, wherein the one or more heat sources comprise 
surface burners. 

1810. The method of claiin 1805, wherein the one or more heat sources comprise 
flameless distributed compustors. 



1811. The method of cljaim 1 805, wherein the one or more heat sources comprise natural 
distributed combustors. 

1812. The method of <Slaim 1805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1813. The method of claim 1 805, further comprising ''controlling the heat such that an 

* . . / 

average heating rate of the selected section is les£ than about 1 °C per day during 
pyrolysis. 



1814. The method of claim 1 805, wherein providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least ^ome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulkytiensity, and wherein the heating rate is less than about 10 
°C/day. 

1815. The method of clairr/ 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selectedf section is greater than about 0.5 W/(m °C). 

1817. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 



condensable hydroca; 



Dons are olefins. 
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1819. The method of claim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1820. The method of claim 1805, whereiivthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1821. The method of claim 1 805, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less tharyabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1822. The method of claim 180d, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1823. The method of clainy 1805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise owgen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 824. The method of dlaim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and whdrein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1825. The method of claim 1805, wherein the produced mixture comprises condensable 



hydrocarbons, and w 



hydrocarbons comprises multi-ring aromatics with more than two rings. 



Lerein less than about 5 % by weight of the condensable 
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1826. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclqalkanes. 



1 828. The method of claim 1 805, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyd/ogen is less than about 80 % by volume of the non- 
condensable component. 



1 5 1 829. The method of claim/l 805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



a 



20 



1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 83 1 . The method or claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 roar absolute. 



25 1832. The 

produce the mixtur£, 
about 0.5 bar. 



method, of claim 1805, further comprising controlling formation conditions to 
, wherein a partial pressure of H2 within the mixture is greater than 



1833. The method of claim 1832, wherein the partial pressure of H2 within the mixture 



is measured when the mixture is at a production well. 
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1834. The method of claim 1805, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the/ofrnation having carbon 
numbers greater than about 25. 

1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1836. The method of claim 1805, further comprising: 
providing hydrogen (H2) to the heate^ section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wijfli heat from hydrogenation. 

1 83 7. The method of claim 1 805, further compnsing: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of tl/e produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1838. The method of claim 1806, wherein allowing the heat to transfer comprises 
increasing a permeability of a iyajority of the selected section to greater than about 100 
millidarcy. 



1 839. The method of claim/l 805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



1 840. The method of clai] n 
than about 60 % by weigh 
Assay. 



1805, further comprising controlling the heat to yield greater 
of condensable hydrocarbons, as measured by the Fischer 



536 



Conley, Rose & Tayon, P C. 



1 84 1 . The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1842. The method of claim 1805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation; wherein three or more of the heat 
sources are located in the formation in a unit o/ heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1843. The method of claim 1805, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation inya unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 844. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one >or more heat sources to a selected section of the 

formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least sorne hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 

producing a mixture from the formation. 



1845. The method of cljaim 1844, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leapt some hydrocarbons within the selected section of the 
formation. 



1846. ' The method of jblaim 
the selected section wi hin 



1844, further comprising maintaining a temperature within 
in a pyrolysis temperature range 
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1847. The method of claim 1 844, wherein the one or more heat sources comprise 
electrical heaters. 



/ 



1848. The method of claim 1 844, wherein the ont or more heat sources comprise 
surface burners. 

1849. The method of claim 1844, wherein ^ie one or more heat sources comprise 
flameless distributed combustors. 



1850. The method of claim 1844, wherein the one or more heat sources comprise natural 
distributed combustors. 

1851. The method of claim 1 844, farther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1852. The method of claim 1844, further comprising controlling the heat such that an 
average heating rate of the sejected section is less than about 1 °C per day during 
pyrolysis. 



1853. The method of claiiji 1844, wherein providing heat from the one or more heat 
sources to at least the portipn of formation comprises: 

heating a selected \jolume (V) of the hydrocarbon containing formation from the 



therein the formation has an average heat capacity (C v ). and 
zes at least some hvdrocarbons within the selected volume of 



one or more heat sources 
wherein the heating pyrol) 
the formation; and 

wherein heating edergy/day provided to the volume is equal to or less than Pwr 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an javerage heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



1 854. The method of claim 1 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1855. The method of claim 1844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greaterAhan about 0.5 W/(m °C). 

1856. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity or at least about 25°. 

1 857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1858. The method of claim 1844, wherein the produced mixture comprises non- 
condensable hydrocarbons, ai/d wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rafnges from about 0.001 to about 0.15. 



1859. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable 



ydrocarbons is nitrogen. 



1860. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherei n less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1861. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. j . 

1862. The method of claim 1844. wherein the produced rriixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, pid wherein the oxygen 
containing compounds comprise phenols. 

1863. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °//by weight of the condensable 
hydrocarbons are aromatic compounds. 

1864. The method of claim 1844, wherein the^roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1865. The method of claim 1844, whereiiy the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1866. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % ©y weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalpnes. 

1867. The method of claim 1844, wherein the produced mixture comprises a non- 
condensable component, wherein the/ non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1868. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. ' 



1870. The method of claim 1844, further comprising controlling a pressure within at 
least a majority of the selected section of thp formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1871 . The method of claim 1844, furtl/er comprising controlling formation conditions to 
produce the mixture, wherein a partiaj/pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1872. The method of claim 187U wherein the partial pressure of H2 within the mixture 
is measured when the mixture is/at a production well. 

1873. The method of claim 1/844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 115. 

1874. The method of clami 1844, further comprising controlling formation conditions 
by recirculating a portion/of hydrogen from the mixture into the formation. 



1875. The method of claim 1844, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and * 

heating a portion of the section with heat from hydrogenation. 



1876. The method of 
producing hyd: 



claim 1844, further comprising: 

iogen and condensable hydrocarbons from the formation; and 



\ 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 877. The method of claim 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1878. The method of claim 1844, wherein/allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1879. The method of claim 1844, furtner comprising controlling the heat to yield greater 
than about 60 % by weight of condei)sable hydrocarbons, as measured by the Fischer 
Assay. 

1880. The method of claim 184A, wherein producing the mixture comprises producing 
the mixture in a production weu, and wherein at least about 7 heat sources are disposed in 
the formation for each product/ion well. 

1881. The method of claini 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 882. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources comprises a t; 



over an area of the formation to form a repetitive pattern of units. 



1883. A method offi 



angular pattern, and wherein a plurality of the units are repeated 



eating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; / , 

/ 1 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, anp wherein the atomic hydrogen to 
carbon ratio is less than about 1 .65; and 

producing a mixture from the formation. 

1884. The method of claim 1883, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons jwithin the selected section of the 
formation. 



1885. The method of claim 1883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

/ 



1886. The method of claim 1883, where jn the one or more heat sources comprise 

/ 



electrical heaters. 



1887. The method of claim 1883, wherein the one or more heat sources comprise 
surface burners. 

1 888. The method of claim 1 883, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1889. The method of claim 1883, wherein the one or more heat sources comprise natural 
distributed combustors. 



\ 
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1890. The method of claim 1883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, ^r the temperature is controlled as 
a function of pressure. 

1891 . The method of claim 1883, further comprising controlling the heat such that an 
average heating rate of the selected section is les^than about 1 °C per day during 
pyrolysis. 

1892. The method of claim 1883, wherein p/oviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least spme hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eq/iation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk (Jensity, and wherein the heating rate is less than about 10 
°C/day. 

1893. The method of claim 1/883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1894. The method of claim 1883, wherein providing heat from the one or more heat 
sources comprises heating me selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1895. The method of cla 
hydrocarbons having an 



m 1883, wherein the produced mixture comprises condensable 
API gravity of at least about 25°. 



v 
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1896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to'about 15 % by weight of the 
condensable hydrocarbons are olefins. / ; 

1 897. The method of claim 1 883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1898. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1899. The method of claim 1883( wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1900. The method of claim A 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /ess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1901 . The method of clmm 1883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein apout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds cpmprise phenols. 

1902. The method of c laim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and whe 'ein greater than about 20 % by weight of the condensable 
hydrocarbons are arom itic compounds. 



v 
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1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witH more than two rings. 

5 1904. The method of claim 1883, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0/3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1905. The method of claim 1883, where/n the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkfanes. 



m 



1906. The method of claim 1883, wherein the produced mixture comprises a ndn- 
condensable component, wherein tne non-condensable component comprises hydrogen, 
15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



ill 

o 



20 



25 



30 



1 907. The method of claim 1 fS3, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

1 908. The method of claim il 883, wherein the produced mixture comprises ammonia, 



and wherein the ammonia is 



used to produce fertilizer. 



1909. The method of claim 1883, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1910. The method of claiih 
produce the mixture, wherein 
about 0.5 bar. 



1883, further comprising controlling formation conditions to 
a partial pressure of H2 within the mixture is greater than 
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1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production wdl. 

1912. The method of claim 1883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons ^rom the formation having carbon 
numbers greater than about 25. 



1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen fromythe mixture into the formation. 

1914. The method of claim 1883, furthe^ comprising: 
providing hydrogen (H2) to the tjeated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectiorf with heat from hydrogenation. 

1915. The method of claim 1883, mirther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion off the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen^ 

1916. The method of claim 1883, wherein allowing the heat to transfer comprises 
increasing a permeability of a ipajority of the selected section to greater than about 100 
millidarcy. 

1917. The method of claim A 883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1918. The method of clai 
than about 60 % by weigh 
Assay. 



1883, further comprising controlling the heat to yield greater 
of condensable hydrocarbons, as measured by the Fischer 



V 
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1919. The method of claim 1 883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least abbut 7 heat sources are disposed in 
the formation for each production well. 

1920. The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unityof heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1921. The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fiorm a repetitive pattern of units. 

1922. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from ope or more heat sources to a selected section of the 

formation; 

allowing the heat to/transfer from the one or more heat sources to the selected 
section of the formation to/pyrolyze hydrocarbons within the selected section; 

wherein at least sqfme hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1.65: and 

producing a miyture from the formation. 

1923. The method off claim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 



sources pyrolyzes at 
formation. 



east some hydrocarbons within the selected section of the 



V 
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1924. The method of claim 1922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1925. The method of claim 1922, wherein the one or more heat sources comprise 
electrical heaters. / 

1926. The method of claim 1922, wherein the one or more heat sources comprise 
surface burners. / 

1927. The method of claim 1922, wherein the one or more heat sources comprise 
flameless distributed combustors( 

1928. The method of claim 19^22, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a/majority of the selected section of the formation, wherein 
the pressure is controlled as /a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

193 1 . The method of claim 1922, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (CV), and 
wherein the heating pynolyzes at least some hydrocarbons within the selected volume of 
the formation; and 1 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

/ 

wherein Pwr is the heating energy/day/ h is an average heating rate of the 
formation, p B is formation bulk density, andywherein the heating rate is less than about 10 
°C/day. 

1932. The method of claim 1922, whe/ein allowing the heat to transfer comprises 
transferring heat substantially by conddction. 

1933. The method of claim 1922, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section isr greater than about 0.5 W/(m °C). 

1934. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1936. The method of claim 1922, wherein the produced mixture comprises non- 



condensable hydrocarbons 
condensable hydrocarbons 



1937. The method of claim 
hydrocarbons, and wherein 
basis, of the condensable h 



and wherein a molar ratio of ethene to ethane in the non- 
ranges from about 0.001 to about 0.15. 



1922, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
drocarbons is nitrogen. 
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1938. The method of claim 1922. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by^Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen.. 

/ 

1939. The method of claim 1922, wherein tt^e produced mixture comprises condensable 

hvdrocarbons, and wherein less than about 1 /% by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is sulfur. 

/ 
/ 

1940. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1941. The method of claim 1922/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises m^lti-ring aromatics with more than two rings. 

1943. The method of claihi 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1944. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarpons are cycloalkanes. 

1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable compor ent, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by we/ght of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1948. The method of claim 1922, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1949. The method of claim 1922/ further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1950. The method of claim 1949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 95 1 . The method of claim 1922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1952. The method of claim 1922, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 




1953. The method of claim 1922, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 
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heating a portion of the section with heat from hydrogenation. 

1954. The method of claim 1922, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of th^ selected section to greater than about 100 
millidarcy. 



1956. The method of claim 1922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

15 1957. The method of claim 1922, fijfaher comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1958. The method of claim 1922, wherein producing the mixture comprises producing 
20 the mixture in a production well/ and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 



1959. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in the fc 



rmation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1961. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in tfne selected section is less than about 0.15 and 

producing a mixture from the formation. 

1962. The method of claim 1 96 1 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1963. The method of claim 1961, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1964. The method of claim N961, wherein the one or more heat sources comprise 
electrical heaters. / 

1965. The method of claim! 1961, wherein the one or more heat sources comprise 
surface burners. 

1966. The method of clairi 1961, wherein the one or more heat sources comprise 
flameless distributed comb istors. 
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1967. The method of claim 1961, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

5 1968. The method of claim 1961, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functi^h of temperature, or the temperature is controlled as 
a function of pressure. 

10 1969. The method of claim 190, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



i s, 

E 

p 
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1970. The method of claim 1961, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected/volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyyolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*t v *p B 

wherein Pwn is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



°C/day. 

1971. The method 
transferring heat su 



of claim 1961, wherein allowing the heat to transfer comprises 
stantially by conduction. 
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1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than abo.ut 0.5 W/(m °C). 

1973. The method of claim 1961, whe/ein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1974. The method of claim 1961, ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 6. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olpfins. 

1975. The method of claim 1961, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1977. The method oficlaim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1978. The method 
hydrocarbons, and \* 
basis, of the condensable 



1979. The method 



claim 1961, wherein the produced mixture comprises condensable 
lerein less than about 1 % by weight, when calculated on an atomic 
hydrocarbons is sulfur. 



. of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, wher iin about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compiise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



556 



Conley, Rose & Tayon, P C. 



1980. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than 
hydrocarbons are aromatic compounds. 



hydrocarbons, and wherein greater than about 20 % by weight of the condensable 



1981. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 °/J by weight of the condensable 
hydrocarbons comprises multi-ring aromatics/with more than two rings. 

1982. The method of claim 1961, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 °/J by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1984. The method of claim 1961, /wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tman about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1985. The method of claim 19^1, wherein the produced mixture comprises ammonia, 
and wherein greater than about D.05 % by weight of the produced mixture is ammonia. 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1987. The method of claim 1961 , further comprising controlling a pressure within at 

Ax 

least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1988. The method of claim 1961 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1989. The method of claim 1988, whe/ein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 990. The method of claim 1 96 1 , further comprising altering a pressure within the 
formation to inhibit production of Ijiydrocarbons from the formation having carbon 
numbers greater than about 25. 

1991 . The method of claim 1961, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 992. The method of claim lf96 1 , further comprising: 
providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1 993 . The method of claim 1 961 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 994. The method of ch im 1 96 1 , wherein allowing the heat to transfer comprises 



increasing a permeability 
millidarcy. 



of a majority of the selected section to greater than about 100 



\ 
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1995. The method of claim 1961, wherein/ allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



1996. The method of claim 1961, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1997. The method of claim 1961, whbrein producing the mixture comprises producing 
the mixture in a production well, and Avherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1998. The method of claim 1961 ./further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the format/on in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1999. The method of claim 1J961 , further comprising providing heat from three or more 
heat sources to at least a portibn of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2000. A method of treating a hydrocarbon containing formation in situ, comprising 

providing heat from one or more heat sources to a selected section of the 
formation; / 

allowing the heat tb transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

sime hydrocarbons within the selected section have an initial 



t wherein at least s< 
atomic oxvsen to carbon 



ratio greater than about 0.025: 
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wherein the initial atomic oxygen to carbon ratio is less than about 0.15; and 
producing a mixture from the formati'ota^ 

2001 . The method of claim 2000, wherein me one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



10 



2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



IB 



2003. The method of claim 2000, wl/erein the one or more heat sources comprise 
electrical heaters. 



□ 



1 5 2004. The method of claim 2000, /vherein the one or more heat sources comprise 
surface burners. 



20 



2005. The method of claim 200jf), wherein the one or more heat sources comprise 
flameless distributed combustors 

2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 



2007. The method of claim G000, further comprising controlling a pressure and a 
25 temperature within at least ai majority of the selected section of the formation, wherein 

the pressure is controlled asfa function of temperature, or the temperature is controlled as 
a function of pressure. 



2008. The method of clain 
average heating rate of the s 
pyrolysis. 



2000, further comprising controlling the heat such that an 
fleeted section is less than about 1 °C per day during 
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2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation/has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hycjrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided jfo the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/flay, h is an average heating rate of the 
formation, p B is formation bulk density, a^d wherein the heating rate is less than about 10 
°C/day. 

20 10. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

201 1 . The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 

2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons aref olefins. 

2014. The method of claim j>000, wherein the produced mixture comprises non- 
condensable hydrocarbons, apd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2015. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitragen. 



2016. The method of claim 2000, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2017. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2019. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wher dn greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2020. The method ov claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons composes multi-ring aromatics with more than two rings. 

202 1 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %1by\veight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaries. 



2023. The method of claim 2000, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greatfer than about 10 % by volume of the non-condensable 
component, and wherein th^hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater thap about 0.05 % by weight of the produced mixture is ammonia. 

2025. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2026. The methofl of claim 2000, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about £.0 bar absolute. 



2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2028. The irethod of claim 2027, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2029. The riethod of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



203 1 . The method of claim 2000, further comprising: 

providing hydrogen (H 2 ) to the/heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



2032. The method of claim 2000/ further comprising: 

producing hydrogen and pndensable hydrocarbons from the formation; and 
hydrogenating a portion/of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2033. The method of clainy2000, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2034. The method of cl^im 2000, wherein allowing the heat to transfer further 
comprises substantially/uniformly increasing a permeability of a majority of the selected 
section. 



2035. The method o 
than about 60 % by W 
Assay. 

2036. The method c 



claim 2000, further comprising controlling the heat to yield greater 
eight of condensable hydrocarbons, as measured by the Fischer 



f claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eac h production well. 



2037. ( The method 
heat sources to at 



of 



lea st 



claim 2000, further comprising providing heat from three or more 
a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2038. The method of claim 2000, furthef comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern./ and wherein a plurality of the units are repeated 
over an area of the formation to form/a repetitive pattern of units. 

2039. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one o^more heat sources to at least a portion of 'the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using a moisture 
content in the selected sectioru and wherein at least a portion of the selected section 
comprises a moisture content/of less than about 15%; and 

producing a mixture from the formation. 



2040. The method of claim 2039, wherein the one or more heat sources comprise at 
least two heat sources, and! wherein superposition of heat from at least the two heat 



sources pyroiyzes at least 
formation. 



ome hydrocarbons within the selected section of the 



2041 . The method of claim 2039, further comprising maintaining a temperature within 



the selected section within 



a pyrolysis temperature range. 



2042. The method of claijm 2039, wherein the one or more heat sources comprise 
electrical heaters. 
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2043. The method of claim 2039, wherein the one or more heat sources comprise 
surface burners. 



2044. The method of claim 2039, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2045. The method of claim 2039, whe/ein the one or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 2039, further comprising controlling a pressure and a 
temperature within at least a majopy of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2047. The method of claim 2039, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2048. The method of claim 2039, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrblyzes at least some hydrocarbons within the selected volume of 
the formation; and 

energy/day provided to the volume is equal to or less than Pwr. 
:ed by the equation: 



wherein heating 
wherein Pwr is calcula 



Pwr = h*V*Cv V p B 



wherein Pwr is 



the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 
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2049. The method of claim 2039, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section such/that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2052. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2053. The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, aryd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rahges from about 0.001 to about 0.15. 

2054. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is nitrogen. 



2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2056. The method of c 
hydrocarbons, and wherein 
basis, of the condensab 



aim 2039, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
e hydrocarbons is sulfur. 
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2057. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abovfTjp % by weight of the condensable 



2058. The method of claim 2039, wherein \hj produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % j>y weight of the condensable 
hydrocarbons are aromatic compounds. / 

2059. The method of claim 2039, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2060. The method of claim 2039, Wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thari about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2061 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cwcloalkanes. 

2062. The method of claim 2039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the/hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than albout 0.05 % by weight of the produced mixture is ammonia. 
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2064. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2066. The method of claim 2039, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2067. The method of claim 2066, wnerein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2068. The method of claim 2039, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2069. The method of claim 2039, further comprising controlling formation conditions 
by recirculating a portion of Hydrogen from the mixture into the formation. 

2070. The method of clairro 2039, further comprising: 

providing hydrogen /(H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2071. The method of cla m 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2072. The method of claim 2039, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. , 

2073. The method of claim 2039, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. / 

2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. ' 

2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation inf a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of tie formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patten, and wherein a plurality of the units are repeated 
over an area of the formation to fonjn a repetitive pattern of units. 



2078. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; 
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allowing the heat to transfer from the one or mofe heat sources to the selected 
section of the formation; * 

wherein at least a portion of the selected section has an initial moisture content of 
less than about 15%; and / 

producing a mixture from the formation./ 

2079. The method of claim 2078, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2080. The method of claim 2078, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

208 1 . The method of claim 2078, v^herein the one or more heat sources comprise 
electrical heaters. 

2082. The method of claim 2078/ wherein the one or more heat sources comprise 
surface burners. 

2083. The method of claim 2(/78, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2084. The method of claim £078, wherein the one or more heat sources comprise natural 
distributed combustors. 



2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least majority of the selected section of the formation, wherein 



the pressure is controlled as 
a function of pressure. 



a function of temperature, or the temperature is controlled as 
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2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. / 

/ 

/ 

2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the hj/drocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some /hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk densyty , and wherein the heating rate is less than about 1 0 
°C/day. 

2088. The method of claim 2078/ wherein allowing the heat to transfer comprises 
transferring heat substantially by/conduction. 



2089. The method of claim 20?8, wherein providing heat from the one or more heat 



sources comprises heating the s< 
a portion of the selected section 



elected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 



2090. The method of claim 2C 
hydrocarbons having an API gravity 



78, wherein the produced mixture comprises condensable 
of at least about 25°. 



2091. The method of claim 
hydrocarbons, and wherein 
condensable hydrocarbons are 



2078. 



, wherein the produced mixture comprises condensable 
ab<l>ut 0. 1 % by weight to about 1 5 % by weight of the 
olefins. 
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2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

! 

2093. The method of claim 2078. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %'by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2095. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanyabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim/2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and whereip less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

2100. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2101. The method of claim 2078, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condeniable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 Syby volume of the non-condensable 



component, and wherein the hydrogen is less tl 
condensable component. 



2 1 02. The method of claim 2078, wherein me produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by ^veight of the produced mixture is ammonia. 




about 80 % by volume of the non- 



2103. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected section <pf the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2105. The method of claim 2078, further comprising controlling formation conditions to 



produce the mixture, wherein a partial 
about 0.5 bar. 



pressure of H2 within the mixture is greater than 



2 1 06. The method of claim 2 1 05 
is measured when the mixture is at a 



wfherein the partial pressure of H 2 within the mixture 
production well. 
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2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2108. The method of claim 2078, further comprising/controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2109. The method of claim 2078, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2110. The method of claim 2078, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2111. The method of claim 2078, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2112. The method of claim 20781 wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

2113. The method of claim 20 
than about 60 % by weight of c 
Assay. 



78, further comprising controlling the heat to yield greater 
mdensable hydrocarbons, as measured by the Fischer 



575 



Conley. Rose & Tayon. P.C. 



21 14. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 



the formation for each production well. 



/ 



/ 



2115. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat /ources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2116. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit or heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and Wnerein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2117. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or morp heat sources to at least a portion of the 

formation; 

allowing the heat to transfer f^fom the one or more heat sources to a selected 
section of the formation; 

wherein the selected sectioii is heated in a reducing environment during at least a 
portion of the time that the selected section is being heated; and 

producing a mixture from the formation. 



2118. The method of claim 2 III 7, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least som^ hydrocarbons within the selected section of the 
formation. 



2119. The method of claim 2 
the selected section within a 



17, further comprising maintaining a temperature within 
pfc/rolysis temperature range. 
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2 1 20. The method of claim 2117. wherein the one or more heat sources comprise 
electrical heaters. / 

2121 . The method of claim 2117, wherein the one/r more heat sources comprise 
surface burners. 

2 122. The method of claim 2117, wherein th^ one or more heat sources comprise 
flameless distributed combustors. 

2 123. The method of claim 2117, whereij/l the one or more heat sources comprise natural 
distributed combustors. 

2 1 24. The method of claim 2117, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functpn of temperature, or the temperature is controlled as 
a function of pressure. 

2125. The method of claim 21 \h, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion/ of formation comprises: 

heating a selected voi[ume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzcs at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eneigy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p 8 is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2127. The method of claim 21 17 ; wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction' 

2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected/section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2129. The method of claim 2117/ wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2 1 30. The method of claim 21 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons/are olefins. 

2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2132. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2133. The methoc of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



v 
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2134. The method of claim 2117, wherein the produced mixture comprises condensable 

A 

hydrocarbons, and wherein less than about 1 % by weight r/ when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2135. The method of claim 2117. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2136. The method of claim 2117, wherein j4ie produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring airomatics with more than two rings. 

2138. The method of claim 2117/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tpan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2139. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2140. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 



component, and wherein t 
condensable component. 



e hydrogen is less than about 80 % by volume of the non- 
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2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2142. The method of claim 2117, wherein the produced^ mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the/formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2144. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim 2144, ^herein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2 1 46. The method of claim 2111 further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2147. The method of claim 21/17, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2148. The method of claim 2117, further comprising: 

providing hydrogen (^ 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



2149. The method of claim 
producing hydrogen 



2117, further comprising: 

and condensable hydrocarbons from the formation: and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2150. The method of claim 2117, wherein allowing the/heat to transfer comprises 
increasing a permeability of a majority of the selected ^ection to greater than about 100 
millidarcy. 

i 

2151. The method of claim 2117, wherein alio Wng the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable yhydrocarbons, as measured by the Fischer 
Assay. 

2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and/vherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2154. The method of claim 2117/ further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the forma/ion in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2155. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangJlar pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2 1 56. A method of treatiifr: 
heatina a first 



g a hydrocarbon containing formation in situ, comprising: 
section of the formation to produce a mixture from the formation; 



V 
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heating a second section of the formation; and 

recirculating a portion of the produced mixture from the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 

2157. The method of claim 2 1 56, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2158. The method of claim 2 156, wherein heating the/first or the second section 
comprises heating with an electrical heater. / 

2159. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a surface burner. / 

2160. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161. The method of claim 2156, whe/ein heating the first or the second section 
comprises heating with a natural distributed combustor. 

2 1 62. The method of claim 2156, farther comprising controlling a pressure and a 
temperature within at least a majori/y of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

2163. The method of claim 2136, further comprising controlling the heat such that an 
average heating rate of the first /or the second section is less than about 1 °C per day 
during pyrolysis. / 

2 1 64. The method of claim 2fl 56, wherein heating the first or the second section 
comprises: 

\ 582 Conley. Rose & Tayon. P C. 

V 



heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: / » 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is/an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2165. The method of claim 2156, whereii/heating the first or the second section 
comprises transferring heat substantially py conduction. 

2166. The method of claim 2156, wherein heating the first or the second section 
comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 

2167. The method of claim 2 1 5yo, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2168. The method of claim 2 1 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2169. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to. about 0.15. 
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2 1 70. The method of claim 2156, wherein the produced mixture comprises condensable 

hvdrocarbons. and wherein less than about 1 % by weight, when calculated on an atomic 

* / 
basis, of the condensable hydrocarbons is nitrogen. / 

2171. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %yby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2172. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abotft 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2173. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % m weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compriseMienols. 

2174. The method of claim 2456, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherefin less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2176. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 
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2177. The method of claim 2156. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3,0 % by weight of the 



condensable hydrocarbons are cycloalkanes. 



/ 



2178. The method of claim 2156. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less man about 80 % by volume of the non- 
condensable component. 

2 1 79. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 1 80. The method of claim 2156, wnerein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2181. The method of claim 2 1 56, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2 1 82. The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, whereip a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2183. The method of claim 2182, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2 1 84. The method of c/aim 2 1 56, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



v 
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2185. The method of claim 2156, further comprising: 

providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and / j 

heating a portion of the first or second sectiorpvith heat from hydrogenation. 

2 1 86. The method of claim 2 1 56, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2187. The method of claim 2156, wherein heating the first or the second section 
comprises increasing a permeability of k majority of the first or the second section to 
greater than about 100 millidarcy. / 

2188. The method of claim 2 1 56, wherein heating the first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. / 

2189. The method of claim ^156, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2190. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2191. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a| portion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2192. The method of claim 21 56, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2193. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat screes to at least a portion of the 

formation; and 

allowing the heat to transfer from th£ one or more heat sources to a selected 
section of the formation such that a permeability of at least a portion of the selected 
section increases to greater than about IjOO millidarcy. 

2194. The method of claim 2193, Wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2195. The method of claim/? 193, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2196. The method of clpim 2193. wherein the one or more heat sources comprise 
electrical heaters. 

2197. The method of/claim 2193, wherein the one or more heat sources comprise 
surface burners. 



2198. The method 
flameless distributee 



f claim 2193, wherein the one or more heat sources comprise 
combustors. 
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2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
distributed combustors. 

2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected Section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2201. The method of claim 2193, further comprising controlling the heat such that an 
average heating rate of the selected section \f less than about 1 °C per day during 
pyrolysis. 

2202. The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein tme formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at lejast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dfay provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by thp equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heafting energy/day, h is an average heating rate of the 
formation. p B is formation bujfk density, and wherein the heating rate is less than about 10 

°C/day. 

2203. The method of clainA 2193, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2204. The method of cla 
sources comprises heating 
a portion of the selected 



2193, wherein providing heat from the one or more heat 
the selected section such that a thermal conductivity of at least 
section is greater than about 0.5 W/(m °C). 
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2205. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 1 

2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture compnses condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 °//by weight of the condensable hydrocarbons 
are olefins. / 

2207. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2208. The method of claim 2195, further comprising producing a mixture from the 
formation, wherein the producer mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

22 1 0. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

v 
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221 1 . The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by wei<pt of the condensable hydrocarbons are aromatic 
compounds. 

2213. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than twp rings. 

2214. The method of claim 2V93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 °/p by weight of the condensable hydrocarbons are 
asphaltenes. 



2215. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the propuced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2216. The method of ch 
formation, wherein the 
wherein the non-condens 
greater than about 10 % 
hydrogen is less than 



h im : 



2193, further comprising producing a mixture from the 
produced, mixture comprises a non-condensable component, 
able component comprises hydrogen, wherein the hydrogen is 
y volume of the non-condensable component, and wherein the 
abdut 80 % by volume of the non-condensable component. 



v 
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2217. The method of claim 2193. further comprising producing a mixture from the 
formation, wherein the produced mixture compri^ ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is kmmonia. 

22 18. The method of claim 2 193, furthec/comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2219. The method of claim 2193, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute./ 

2220. The method of claim 2A93, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar/ 

2221 . The method of cla/m 2220, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater thanpbout 25. 

2223. The method ©f claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture imo the formation. 

2224. The method of claim 2193, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

/ 

within the section; and / 



heating a portion of the section with heat from/hydrogenation. 

2225. The method of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced/condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 

2227. The method of claim 2193, whe/ein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2228. The method of claim 2193, mrther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2229. The method of claim 2193, further comprising producing a mixture in a 
production well, wherein at least about 7 heat sources are disposed in the formation for 
each production well. / 

2230. The method of claim £193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fcjrmation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

223 1 . The method of claim 2 1 93, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2232. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer from the onfc or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
selected section increases substantially uniformly. 



o 



15 



20 



2233. The method of claim 2232, wherein Ahe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarpons within the selected section of the 
formation. 

2234. The method of claim 2232. funfher comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2235. The method of claim 2232, /vherein the one or more heat sources comprise 
electrical heaters. 



2236. The method of claim 223£, wherein the one or more heat sources comprise 
surface burners. 

25 2237. The method of claim 22f32, wherein the one or more heat sources comprise 
flameless distributed combustqrs. 



30 



2238. The method of claim 
distributed combustors. 



!32, wherein the one or more heat sources comprise natural 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected&ection of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2241 . The method of claim 2232, wherein/providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B l 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

2242. The method of claim 2 
transferring heat substantially 

2243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



v 



52, wherein allowing the heat to transfer comprises 
by conduction. 
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2244. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API aravitv of at least about 25°. / 



2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % byyweight of the condensable hydrocarbons 
are olefins. 

2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2247. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2248. The method of claim 223 z, further comprising producing a mixture from the 
formation, wherein the producecy mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % jby weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2250. The method of claim 
formation, wherein the produced 



2232, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen^ontaining compounds comprise 

phenols. / 

/ 

225 1 . The method of claim 2232, further compri/ing producing a mixture from the 
formation, wherein the produced mixture comprases condensable hydrocarbons, and 
wherein greater than about 20 % by weight ofyihe condensable hydrocarbons are aromatic 
compounds. 

2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight/of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2253. The method of claim 2232,/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2254. The method of claim 2f232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weigtyt to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2255. The method of claiin 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



\ 
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2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is amn^nia. 

2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture compris^ ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of th^ formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation/ wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2260. The method of claim 2232,/further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

2261. The method of claim 22152, further comprising altering a pressure within the 
formation to inhibit production/of hydrocarbons from the formation having carbon 
numbers greater than about 25 J 



2262. The method of claim 2 
formation and controlling fonhation 
from the mixture into the fornjiation 



232, further comprising producing a mixture from the 
conditions by recirculating a portion of hydrogen 



2263. The method of claim I 
providing hydrogen (I 
within the section: and 



232, further comprising: 

2) to the heated section to hydrogenate hydrocarbons 
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heating a portion of the section with heat from hydrogenation. 



2264. The method of claim 2232, further comprising: •' 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the sheeted section to greater than about 100 
millidarcy. 

2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable^iydrocarbons, as measured by the Fischer 
Assay, 

2267. The method of claim 2232, further comprising producing a mixture in a 
production well, wherein at least abouy 7 heat sources are disposed in the formation for 
each production well. 

2268. The method of claim 2232, tilirther comprising providing heat from three or more 
heat sources to at least a portion ofpie formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion /of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular {pattern, and wherein a plurality of the units are repeated 



over an area of the formation tc 



2270. A method of treating a 



form a repetitive pattern of units. 



hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; and 1 

allowing the heat to transfer from the one or more 7 heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 



10 



2271. The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons \yithin the selected section of the 
formation. 



15 



2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis ten/perature range. 

2273. The method of claim 2270, whe/ein the one or more heat sources comprise 
electrical heaters. 



S: 



iU 



20 



2274. The method of claim 2270, ^herein the one or more heat sources comprise 
surface burners. 



2275. The method of claim 227(j, wherein the one or more heat sources comprise 
flameless distributed combustorsl 



25 



2276. The method of claim 22^0, wherein the one or more heat sources comprise natural 
distributed combustors. 



30 



2277. The method of claim 22(70, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less than^about 1 °C per day during 
pyrolysis. 



0 



5 2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day provided/to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
15 formation, p B is formation bulk density, ^nd wherein the heating rate is less than about 10 

°C/day. 



20 



2280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

228 1 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 



25 2282. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25 



2283. The method of claim 22 
formation, wherein the produc id 



70, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, and 
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wherein about 0. 1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 



are olefins. 



2284. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-rondensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-coi/densable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2285. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wjlen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, furper comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weiejnt, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur J 



2288. The method of claim 2270, 
formation, wherein the produced 
about 5 % by weight to about 30 °/f> 
oxygen containing compounds, an 
phenols. 



further comprising producing a mixture from the 
rtiixture comprises condensable hydrocarbons, wherein 
by weight of the condensable hydrocarbons comprise 
wherein the oxygen containing compounds comprise 



2289. The method of claim 2270 
formation, wherein the produced rr 



further comprising producing a mixture from the 
ixture comprises condensable hydrocarbons, and 



601 



Conlev, Rose & Tavon, P C. 



wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2290. The method of claim 2270. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the otmdensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2291 . The method of claim 2270, further/comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2292. The method of claim 2270,yfurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2293. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensatfle component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the broduced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weigM of the produced mixture is ammonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fert: lizer. 
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2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, y wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein d partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2298. The method of claim 2270, further Comprising producing a mixture from the 
formation, wherein the partial pressure oyH2 within the mixture is measured when the 
mixture is at a production well. 

2299. The method of claim 2270, fi/rther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2300. The method of claim 2270, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2301 . The method of claim 2270, further comprising: 

providing hydrogeh (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and j 

heating a portion bf the section with heat from hydrogenation. 



2302. The method 

producing hydro 
hydrogenating a 

portion of the produced 



of cljaim 2270, further comprising: 

£en and condensable hydrocarbons from the formation; and 
portion of the produced condensable hydrocarbons with at least a 
ydrogen. 
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2303. The method of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. 



2304. The method of claim 2270, wherein allowing the/hea/ to transfer comprises 
substantially uniformly increasing a permeability of a>majority of the selected section. 



2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydr/carbons, as measured by the Fischer 
Assay. 

2306. The method of claim 2270, further Comprising producing a mixture in a 
production well, and wherein at least abo/rt 7 heat sources are disposed in the formation 
for each production well. 

2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion o^the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a poixion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



treajl 



2309. A method of 

providing heat 
formation; 

4 allowing the he^t 
section of the formatioh 



ing a hydrocarbon containing formation in situ, comprising: 
om one or more heat sources to at least a portion of the 



to transfer from the one or more heat sources to a selected 
and 
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controlling the heat to yield at least about 15 % by weight of a total organic 
carbon content of at least some of the hydrocarbon containing fprmation into condensable 

hydrocarbons. / 

/ 

/ 

2310. The method of claim 2309, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heap from at least the two heat 
sources pyrolyzes at least some hydrocarbons within t^re selected section of the 
formation. 



10 



in 



15 



23 1 1 . The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

23 12. The method of claim 2309, wherein yie one or more heat sources comprise 
electrical heaters. 

23 13. The method of claim 2309, whe/ein the one or more heat sources comprise 
surface burners. 



20 



23 14. The method of claim 2309, ^herein the one or more heat sources comprise 
flameless distributed combustors. 



23 1 5. The method of claim 230$, wherein the one or more heat sources comprise natural 
distributed combustors. 



25 23 1 6. The method of claim 23fl09, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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23 1 7. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. j 

23 1 8. The method of claim 2309, wherein providing heat/from the one or more heat 

/ 

sources to at least the portion of formation comprises: >' * 

heating a selected volume (V) of the hydrocarbcm containing formation from the 
one or more heat sources, wherein the formation has in average heat capacity (C v ) r and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to me volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, arid wherein the heating rate is less than about 10 
°C/day. / 

23 19. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sectionAs greater than about 0.5 W/(m °C). 

2321 . The method of claim 2fl09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about p°. 

2322. The method of clair 
formation, wherein the pro* 



2309, further comprising producing a mixture from the 
iced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. i 



2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wynen calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2325. The method of claim 2309, father comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by wdght, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2326. The method of claim 23/09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % py weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2327. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 



oxygen containing comp 
phenols. 



2328. The method of cl 
formation, wherein the 



iunds ? and wherein the oxygen containing compounds comprise 



aim 2309, further comprising producing a mixture from the 
produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. , 



2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

233 1. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 %/by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by vJblume of the non-condensable component. 

2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced n ixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



/ 
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2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. /■ 



2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. / 

2338. The method of claim 2309, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. / 

2340. The method of claim 2309, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2341 . The method of claim 2309, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion pf the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2342. The method of claim 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2344. The method of claim 2309, wherein the heat/ing is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture 'in a 
production well, and wherein at least about 7 Meat sources are disposed in the formation 
for each production well. / 

2346. The method of claim 2309, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in JuniX of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or nore heat sources to at least a portion of the 

formation; 

allowing the heat to transfe * from the one or more heat sources to a selected 
section of the formation; and 
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controlling the heat to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. 



2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition jof heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

235 1 . The method of claim 2348, wherein /he one or more heat sources comprise 
electrical heaters. 

2352. The method of claim 2348, wher^n the one or more heat sources comprise 
surface burners. 

2353. The method of claim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2354. The method of claim 2348, v^herein the one or more heat sources comprise natural 
distributed combustors. 



2355. The method of claim 2348, 
temperature within at least a majority 
the pressure is controlled as a funct 
a function of pressure. 



2356. The method of claim 2348, 
average heating rate of the selected 
pyrolysis. 



\irther comprising controlling a pressure and a 

of the selected section of the formation, wherein 
on of temperature, or the temperature is controlled as 



further comprising controlling the heat such that an 
section is less than about 1 °C per day during 
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2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an averageJheat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume/is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an/average heating rate of the 
formation, p B is formation bulk density, and where iiVthe heating rate is less than about 10 
°C/day. / 

2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

2359. The method of claim 2348, wherein /providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 

2360. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 



2361 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 
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2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated/on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2364. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2366. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % bj/ weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and \yherein the oxygen containing compounds comprise 
phenols. 

2367. The method of claim 2348, 
formation, wherein the produced m 
wherein greater than about 20 % b\ 
compounds. 



rther comprising producing a mixture from the 
xture comprises condensable hydrocarbons, and 
weight of the condensable hydrocarbons are aromatic 
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2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable/hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2370. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 °// by weight of the condensable hydrocarbons 
are cycloalkanes. 

2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume or the non-condensable component, and wherein the 
hydrogen is less than about 80 % bv volume of the non-condensable component. 

2372. The method of claim 2348/ further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the pijoduced mixture is ammonia. 

2373. The method of claim 2348, further comprising producing a mixture from the 



formation, wherein the produce 
is used to produce fertilizer. 



mixture comprises ammonia, and wherein the ammonia 
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2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. / 

/ 

/ 

2375. The method of claim 2348, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within/me mixture is measured when the 
mixture is at a production well. 

2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2378. The method of claim 2348. further 7 comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2379. The method of claim 2348, further comprising: 
providing hydrogen (H 2 ) t9 the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2380. The method of claim 23(48, further comprising: 

producing hydrogen arm condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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238 1 . The method of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2382. The method of claim 2348, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



2383. The method of claim 2348, further comprising producing a mixture in a 
production well, and wherein at least aboup7 heat sources are disposed in the formation 
for each production well. 

2384. The method of claim 2348, fumier comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2385. The method of claim 23^8, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2386. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a first section of the formation to pyrolyze at least some hydrocarbons in 

the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 

in the second section and produce a second mixture from the formation; and 

leaving an unp\rolyzed section between the first section and the second section to 

inhibit subsidence of the formation. 
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2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

/•' 
/ 

2388. The method of claim 2386, wherein heating the first section or heating the second 

section comprises heating with an electrical heater. 

/ 
/ 

2389. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 

2390. The method of claim 2386, where/n heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

2391 . The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

2392. The method of claim 2386,/further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

2393. The method of claim (13 86, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, \yherein the formation has an average heat capacity (C v ) ? and 
wherein the heating pyj-olyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B } 

wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

2395. The method of claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wnerein the first or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

2398. The method of claim 23 86/ wherein the first or second mixture comprises 
condensable hydrocarbons, and Wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 23/86, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2400. The method of claim 2386. wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the co idensable hydrocarbons is nitrogen. 



v 



618 



Conley. Rosei Tayon. P C. 



2401. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about l/% by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is,oxygen. 

2402. The method of claim 2386, wherein the first dr second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

2403. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen (Containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

2404. The method of claim 2386, where/n the first or second mixture comprises 
condensable hydrocarbons, and wherein/greater than about 20 % by weight of the 
condensable hydrocarbons are aromatia compounds. 

2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and whefrein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

2406. The method of claim 238fl wherein the first or second mixture comprises 
condensable hydrocarbons, and therein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, andf wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 



2408. The method of claim 2B86, wherein the first or second mixture comprises a non- 



condensable component, and 



vherein the non-condensable component comprises 
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hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than abouf 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein greater than about 0.05 % by weight of/he first or second mixture 
is ammonia. 

2410. The method of claim 2386, wherein the first or secdnd mixture comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

241 1. The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second section of the fo/mation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

24 1 2. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of H 2 within the first or 
second mixture is greater than about 0.5 bar. 

2413. The method of claim 2386, wherein a pfartial pressure of H 2 within the first or 
second mixture is measured when the first or second mixture is at a production well. 

24 1 4. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2415. The method of claim 2386, further domprising controlling formation conditions 
by recirculating a portion of hydrogen front the first or second mixture into the formation. 



2416. The method of claim 2386, further 



ompnsing: 
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providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, wirh heat from 

I 

hydrogenation. • / 

241 7. The method of claim 2386, farther comprising: / 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hvarocarbons with at least a 
portion of the produced hydrogen. / 

2418. The method of claim 2386, wherein heating the firsysection or heating the second 
section comprises increasing a permeability of a majority pf the first or second section, 
respectively, to greater than about 100 millidarcy. 

2419. The method of claim 2386, wherein heating th< 
section comprises substantially uniformly increasing i 
first or second section, respectively. / 

2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by/weight of condensable hydrocarbons, 
as measured by the Fischer Assay, from the first ar second section, respectively. 

242L The method of claim 2386, wherein producing the first or second mixture 
comprises producing the first or second mixture/in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 

2422. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ©f heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. | 



' first section or heating the second 
\ permeability of a majority of the 
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2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the/unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the u^its are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least ^portion of the 

formation; 

allowing the heat to transfer from the one or more hea/ sources to a selected 
section of the formation; and 

producing a mixture from the formation through onj£ or more production wells, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor, and wherein at least about 7 heat spurces are disposed in the 
formation for each production well. 

2425. The method of claim 2424, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition ouheat from at least the two heat 
sources pyrolyzes at least some hydrocarbons withi/i the selected section of the 
formation. 

2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2427. The method of claim 2424, wherein the bne or more heat sources comprise 
electrical heaters. 



2428. The method of claim 2424, wherein tht 
surface burners. 



one or more heat sources comprise 
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2429. The method of claim 2424, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2430. The method of claim 2424. wherein the one or more heat sources comprise natural 
distributed combustors. 

243 1 . The method of claim 2424, further comprising controlling a pr6ssure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2432. The method of claim 2424, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1/ °C per day during 
pyrolysis. 



2433. The method of claim 2424, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon Containing formation from the 
one or more heat sources, wherein the formation has an afverage heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an {average heating rate of the 



formation, p B is formation bulk density, and wherein t] 
°C/day. 



e heating rate is less than about 1 0 



2434. The method of claim 2424. wherein allowing t|ie heat to transfer comprises 
transferring heat substantially by conduction. 
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2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than/about 0.5 W/(m °C). 



2436. The method of claim 2424, wherein/the produced mixture comprises condensable 
hydrocarbons having an API gravity of at /east about 25 c 

2437. The method of claim 2424, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/o by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins 

2438. The method of claim 2424, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wmerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2439. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/ than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2440. The method of claim 3424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leps than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hyd: 



2441. The method of claim 
hydrocarbons, and wherein 
basis, of the condensable hydrocarbons 



k ss 



ocarbons is oxygen. 



2424, wherein the produced mixture comprises condensable 
than about 1 % by weight, when calculated on an atomic 
is sulfur. 



2442. The method of claim ^:424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about p % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygeh containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2443. The method of claim 2424 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thai/ about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 

2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiiy about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2447. The method of claim 2424, wherein the produced mixture comprises a non- 
condensable component, (wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component, 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein the ammoniaVs used to produce fertilizer. 
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2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



/ 



245 1 . The method of claim 2424, fiirthey' comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



2452. The method of claim 2452, \Vherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
numbers greater than about 25 j 

2454. The method of claim 2424, further comprising controlling formation conditions 
by recirculating a portion ofAiydrogen from the mixture into the formation. 



2455. The method of claiAi 2424, further comprising: 
providing hydrogep (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion Af the section with heat from hydrogenation. 

2456. The method of claim 2424, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a )ortion of the produced condensable hydrocarbons with at least a 
portion of the produced lydrogen. 



2457. The method of clkim 
increasing a permeability 
millidarcy. 



im 2424, wherein allowing the heat to transfer comprises 
of a majority of the selected section to greater than about 100 
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2458. The method of claim 2424 ; wherein allpwing the heat to transfer comprises' 
substantially uniformly increasing a permeability of a majority of the selected section. 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2461 . The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formatidn to form a repetitive pattern of units. 



2462. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat froijh one or more heat sources to at least a portion of the 

formation, wherein the ope or more heat sources are disposed within one or more first 
wells; 

allowing the heat o transfer from the one or more heat sources to a selected 
section of the formation; ;ind 

producing a mixture from the formation through one or more second wells, 
wherein one or more of tY e first or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of claitn 2462, wherein the first purpose comprises removing water 
from the formation, and wMprein the second purpose comprises providing heat to the 
formation. 
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2464. The method of claim 2462, wherein the first purpose comprises removing water 

from the formation, and wherein the second purpose comprises producing the mixture 

/ 

/ 

2465. The method of claim 2462, wherein the/first purpose comprises heating, and 
wherein the second purpose comprises remoVing water from the formation. 

2466. The method, of claim 2462, whereiii the first purpose comprises producing the 
mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of claim 2462. wlfterein the one or more heat sources comprise 
electrical heaters. / 

2468. The method of claim 2462( wherein the one or more heat sources comprise 
surface burners. / 

2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustArs. 

2470. The method of claim/2462, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2471 . The method of clairh 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 0 C per day during 
pyrolysis. 
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2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation Comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and - 

wherein heating energy/day prc/vided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating eSnergy/day, h is an average heating rate of the 
formation, ps is formation bulk dqpsity, and wherein the heating rate is less than about 1 0 
°C/day. 

2474. The method of claim 24/62, wherein providing heat from the one or more heat 
sources comprises heating the Selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2475. The method of claim/2462, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2476. The method of claim 
hydrocarbons, and wherein 
condensable hydrocarbons 



2462, wherein the produced mixture comprises condensable 
about 0.1 % by weight to about 15 % by weight of the 
are olefins. 



condensable hydrocarbons, 
condensable hydrocarbons 



2477. The method of clairi 2462, wherein the produced mixture comprises non- 



and wherein a molar ratio of ethene to ethane in the non- 
anges from about 0.001 to about 0.15. 



2478. The method of claim! 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2480. The method of claim 2462, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2481 . The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2482. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2483. The method of claim 2W62, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. The method of claim|2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein tess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2485. The method of clair 
hydrocarbons, and wherein 
condensable hydrocarbons ; 



2462, wherein the produced mixture comprises condensable 
kbout 5 % by weight to about 30 % by weight of the 
re cvcloalkanes. 
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2486. The method of claim 2462. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condens^We component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 Jb by volume of the non-condensable 
component and wherein the hydrogen is less/than about 80 % by volume of the non- 
condensable component. / 

2487. The method of claim 2462, whe/ein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 Vj by weight of the produced mixture is ammonia. 

2488. The method of claim 2462. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2489. The method of claim 24o2 5 further comprising controlling a pressure within at 
least a majority of the selected/section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greaier than about 0.5 bar. 

2491. The method of claim 2490, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

2492. The method of c laim 2462, further comprising altering a pressure within the 
formation to inhibit prcduction of hydrocarbons from the formation having carbon 
numbers greater than a >out 25. 

2493. The method of claim 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into tne formation. 
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2494. The method of claim 2462. further comprising: 
providing hydrogen (H 2 ) to the heated sectioij/Krhydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat/from hydrogenation. 

2495. The method of claim 2462, wherein tne produced mixture comprises hydrogen 
and condensable hydrocarbons, the method^ further comprising hydrogenating a portion of 
the produced condensable hydrocarbons ^ith at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2497. The method of claim 2462/ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of Condensable hydrocarbons, as measured by the Fischer 
Assay. 



2499. The method of claim p462 5 wherein producing the mixture comprises producing 
the mixture in a production veil, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2500. The method of claim 
heat sources to at least a 
sources are located in the formation 
sources comprises a triangular 



2462, further comprising providing heat from three or more 
poijtion of the formation, wherein three or more of the heat 

in a unit of heat sources, and wherein the unit of heat 
pattern. 



2501 . The method of claim E462. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattenyof units. 

2502. A method for forming heater wells in a hydrocarbon containing formation, 
comprising: 

forming a first wellbore in the formation; 

forming a second wellbore in the formatioA using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
provide heat to at least a portion of the formation. 

2503. The method of claim 1, wherein superposition of heat from the at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
within the second wellbore pyrolyzes at least some hydrocarbons within a selected 
section of the formation. j 

2504. The method of claim 2502, fi/rther comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2505. The method of claim 2502 ; /wherein the heating mechanisms comprise electrical 
heaters. 



2506. The method of claim 2504, wherein the heating mechanisms comprise surface 
burners. 

2507. The method of claim 250j> ; wherein the heating mechanisms comprise flameless 
distributed combustors. 
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2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. / 



2509. The method of claim 2502. further comprising controlling a pressure and a 
temperature within at least a majority of a selected ^ection of the formation, wherein the 
pressure is controlled as a function of temperature; or the temperature is controlled as a 
function of pressure. / 

25 1 0. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less thaiY about 1 °C per day during pyrolysis. 

2511. The method of claim 2502. further comprising: 

heating a selected volume ( V) oy the hydrocarbon containing formation from the 
heating mechanisms, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leasysome hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = /7*F*C v *p 5 / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. I 

2512. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at le ist the portion of the formation substantially by 
conduction. 

25 13. The method of claim 25 02, further comprising providing heat from the heating 
mechanisms to at least the port on of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

25 1 5. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about p % by weight of the condensable hydrocarbons 
are olefins. 

25 1 6. The method of claim 2502, ^father comprising producing a mixture from the 
formation, wherein the produced n&xture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene tp ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15/ 

25 1 7. The method of claim/2502, further comprising producing a mixture from the 
formation, wherein the proauced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

25 1 8. The method of (/laim 2502, further comprising producing a mixture from the 
formation, wherein the/produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocaipons is oxygen. 



25 1 9. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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2520. The method of claim 2502. further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 

A 

about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxvgen containing compounds comprise 
phenols. / 

2521. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weigh/ of the condensable hydrocarbons are aromatic 
compounds. / 

2522. The method of claim 2502, fumier comprising producing a mixture from the 
formation, wherein the produced miMure comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two/rings. 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. I 



2525. The method of clain 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensaMe component comprises hydrogen, wherein the hydrogen is 

volume of the non-condensable component, and wherein the 
80 % by volume of the non-condensable component. 



greater than about 1 0 % by 
hydrogen is less than about 



636 



Conley. Rose & Tayon. P C 



2526. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2527. The method of claim 2502, further coi^rising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



10 



2528. The method of claim 2502, furthefr comprising controlling a pressure within at 
least a majority of a selected section ofythe formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 



□ 



15 



2529. The method of claim 2528, \yherein the partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



20 



25 



2530. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production well. 

253 1 . The method of claim 2302, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 2i . 



2532. The method of claim 
formation and controlling foifmation 
from the mixture into the formation 



:>502, further comprising producing a mixture from the 
conditions by recirculating a portion of hydrogen 



2533. The method of c laim 
providing hydrogen ( 
formation; and 



502, further comprising: 

) to the portion to hydrogenate hydrocarbons within the 
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heating a portion of the formation with heat from hydrogenation. 

2534. The method of claim 2502, further comprising: 

producing hydrogen and condensable/hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



2535. The method of claim 2502, furttter comprising allowing heat to transfer from the 
heating mechanisms to a selected sectifon of the formation to pyrolyze at least some 
hydrocarbons within the selected sec/ion such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



15 



2536. The method of claim 2502. further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



20 



2537. The method of clainV 2502, further comprising controlling the heat to yield greater 
than about 60 % by weight jof condensable hydrocarbons, as measured by the Fischer 
Assay. 



25 



30 



2538. The method of clapm 2502, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well! 

2539. The method of claim 2502, further comprising forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore. 

2540. The method of c laim 2502, further comprising providing heat from three or more 
heat sources to at least i portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2541 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit omieat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wnerein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2542. A method for installing a heater well into a hydrocarbon containing formation, 
comprising: / 

forming a bore in the ground using a steerable motor and an accelerometer; and 
providing a heating mechanism within the bore such that the heating mechanism 
can transfer heat to at least a portion pf the formation. 

2543. The method of claim 2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of the formation. 

2544. The method of claim 25^2, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2545. The method of claim 2S42, wherein the heating mechanism comprises an 
electrical heater. 



2546. The method of claim 2p42, wherein the heating mechanism comprises a surface 
burner. 



2547. The method of claim 2 
distributed combustor. 



542, wherein the heating mechanism comprises a flameless 
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2548. The method of claim 2542. wherein the heating mechanism comprises a natural 
distributed combustor. a 



2549. The method of claim 2542, further compri/ing controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temper^ure, or the temperature is controlled as a 
function of pressure. 

2550. The method of claim 2542, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than abput 1 °C per day during pyrolysis. 

2551. The method of claim 2542, farther comprising: 
heating a selected volume (V) of the hydrocarbon containing formation from the 

heating mechanism, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at /east some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/flay provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by tqe equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



2552. The method of claim 
the heating mechanism to at 
conduction. 

2553. The method of claim 
mechanism to at least the po 



2542, further comprising allowing the heat to transfer from 
east the portion of the formation substantially by 



2542, further comprising providing heat from the heating 
ion of the formation such that a thermal conductivity of at 



least the portion of the formation is greater than about 0.5 W/(m °C). 
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2554. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comnnses condensable hydrocarbons having an 
API gravity of at least about 25 c 

2555. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to a^but 15 % by weight of the condensable hydrocarbons 
are olefins. 

2556. The method of claim 25 7 42, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about/0.15. 

2557. The method of daim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2558. The method/ of claim 2542, further comprising producing a mixture from the 
formation, whereinjthe produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559. The method of claim 2542, further comprising producing a mixture from the 
formation, whereinlthe produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hvdrocarbons is sulfur. 
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2560. The method of claim 2542 5 further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygep containing compounds comprise 
phenols. 

2561 . The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of /he condensable hydrocarbons are aromatic 
compounds. 

2562. The method of claim 2542, furthei/comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight yof the condensable hydrocarbons comprises multi- 
rina aromatics with more than two rings. 

2563. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mfixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by /veight of the condensable hydrocarbons are 
asphaltenes. 



2564. The method of claim 25A2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight tjb about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2565. The method of claim 



542, further comprising producing a mixture from the 



wherein the non-condensable 
greater than about 1 0 % by vo 
hydrogen is less than about 8C 



formation, wherein the produced mixture comprises a non-condensable component. 



component comprises hydrogen, wherein the hydrogen is 
ume of the non-condensable component, and wherein the 
% by volume of the non-condensable component. 



v 
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2566. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ^mmonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is/ammonia. 

2567. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2568. The method of claim 2542, furthei/comprising controlling a pressure within at 
least a majority of a selected section of t^e formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2569. The method of claim 2542, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

2570. The method of claim 2569, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is/at a production well. 



2571 . The method of claim 2 5ft 2, further comprising altering a pressure within the 



formation to inhibit production 
numbers greater than about 25 



of hydrocarbons from the formation having carbon 



2572. The method of claim 2&42, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the forrr ation. 

2573. The method of claim 2 542, further comprising: 



providing hydrogen (H 



) to the at least the heated portion to hydrogenate 



hydrocarbons within the formation; and 
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heating a portion of the formation with heat from hydrogenation. 

A. 

2574. The method of claim 2542, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the producedycondensable hydrocarbons with at least a 
portion of the produced hydrogen. / j 

2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section/ such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substaryially uniformly. 

2577. The method of claim 25 
than about 60 % by weight of cj 
Assay. 

2578. The method of claim 
production well and whereii 
formation for each productic 

2579. The method of clain 2542, further comprising providing heat from three or more 
heat sources to at least a poition of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 




(2, further comprising controlling the heat to yield greater 
)ndensable hydrocarbons, as measured by the Fischer 



f542. further comprising producing a mixture in a 
'at least about 7 heating mechanisms are disposed in the 
well. 
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2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein af plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2581 . A method for installing of wells in a hydrocarbon containing formation, 
comprising: / 

forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within me wellbore such that the heating 
mechanism can transfer heat to at least a portion of the formation. 

2582. The method of claim 258 1 , further/comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2583 . The method of claim 258 1 , wherein the heating mechanism comprises an 
electrical heater. / 

2584. The method of claim 2581, wmerein the heating mechanism comprises a surface 
burner. / 

2585. The method of claim 258 1 , ^herein the heating mechanism comprises a flameless 
distributed combustor. 

2586. The method of claim 258 1 , wherein the heating mechanism comprises a natural 
distributed combustor. 

2587. The method of claim 258 1 , further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. \ 
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2588. The method of claim 2581. further comprising controlling the heat from the 

/< i 

heating mechanism such that heat transferred from the he&ting mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 



2589. The method of claim 2581 , further comprismg: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating mechanism, wherein the formation has ah average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 



the formation; and 



/ 



/ 



wherein heating energy/day provide/! to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation/ 
p wr = h*V*C v *p B 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation, p B is formation bulk density; and wherein the heating rate is less than about 10 
°C/dav. 



2590. The method of claim 2581, further comprising allowing the heat to transfer from 
the heating mechanism to at least tpe portion of the formation substantially by 
conduction. 

2591 . The method of claim 258 1 , further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 



2592. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2593. The method of claim 
formation, wherein the produced 



2581, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2594. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in thZ non-conci^nsable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2595 . The method of claim 2581, furthef comprising producing a mixture from the 
formation, wherein the produced mixtuife comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigh£ when calculated on an atomic basis, of the 
condensable hydrocarbons is nitroge^ 

2596. The method of claim 258 1 /further comprising producing a mixture from the 
formation, wherein the produced fixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by Weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is owgen. 



2597. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % bjy weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2598. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compound^, and wherein the oxygen containing compounds comprise 
phenols. 



2599. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the producedWxture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



2600. The method of claim 258 1 5 further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

260 1 . The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of J/rie condensable hydrocarbons are 
asphaltenes. 

2602. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about/30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2603. The method of claim 258 1 ? further comprising producing a mixture from the 
formation, wherein the produced mfixture comprises a non-condensable component, 
wherein the non-condensable coniponent comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 °/Jby volume of the non-condensable component. 



2604. The method of claim 2581 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method of claim 2i 81, further comprising producing a mixture from the 
formation, wherein the produce d mixture comprises ammonia, and wherein the ammonia 



is used to produce fertilizer. 
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2606. The method of claim 258 1 ? further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wnerein the controlled pressure is 
at least about 2.0 bar absolute. 

2607. The method of claim 258 L further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



10 



1 

u 



Q 



15 
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2608. The method of claim 2607, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2609. The method of claim 258 1 , further/comprising altering a pressure within the 
formation to inhibit production of hydro<jarbons from the formation having carbon 
numbers greater than about 25. 

2610. The method of claim 258 L Wher comprising producing a mixture from the 
formation and controlling formation Conditions by recirculating a portion of hydrogen 
from the mixture into the formation, i 

261 1 . The method of claim 2581, further comprising: 
providing hydrogen (H 2 ) to /at least the heated portion to hydrogenate 

hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 



26 1 2. The method of claim 258 1 
producing hydrogen and 
hydrogenating a portion o 

portion of the produced hydrogen 



further comprising: 
cjondensable hydrocarbons from the formation; and 
the produced condensable hydrocarbons with at least a 
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2613. The method of claim 258L further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater/than about 100 millidarcy. 

26 1 4. The method of claim 258 1 . further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such tMat a permeability of a majority of the 
selected section increases substantially uniformly. 

2615. The method of claim 2581, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2616. The method of claim 2581. further comprising producing a mixture in a 
production well and wherein at least apout 7 heat sources are disposed in the formation 
for each production well. 



2617. The method of claim 258 L further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patte 



2618. The method of claim 2581, 
heat sources to at least a portion of 
sources are located in the formation 
sources comprises a triangular pattjern 
over an area of the formation to 



form 



further comprising providing heat from three or more 
the formation, wherein three or more of the heat 
in a unit of heat sources, wherein the unit of heat 
and wherein a plurality of the units are repeated 
a repetitive pattern of units. 



261 9. A method of treating a hydrocarbon containing formation in situ, comprising: 
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heating a selected section of the formation with a heating element placed within a 
wellbore. wherein at least one end of the heating elements free to move axially within 
the wellbore to allow for thermal expansion of the hearing element. 

2620. The method of claim 261 9, further comprising at least two heating elements 
within at least two wellbores. and wherein superposition of heat from at least the two 
heating elements pyrolyzes at least some hydroc/rbons within a selected section of the 
formation. 

262 1 . The method of claim 26 1 9. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2622. The method of claim 261 9, where/n the heating element comprises a pipe-in-pipe 
heater. 

2623. The method of claim 2619, wherein the heating element comprises a flameless 
distributed combustor. 

2624. The method of claim 2619. wjherein the heating element comprises a mineral 
insulated cable coupled to a support,/ and wherein the support is free to move within the 
wellbore. 



2625. The method of claim 2619 
insulated cable suspended from a m 



2626. The method of claim 2619, 
temperature within at least a 
pressure is controlled as a function 
function of pressure. 



therein the heating element comprises a mineral 
ellhead. 



further comprising controlling a pressure and a 
majoifty of a heated section of the formation, wherein the 
of temperature, or the temperature is controlled as a 
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2627. The method of claim 2619, further comprising controlling the heat such that an 
average heating rate of the heated section is less than about 1 °C per day during pyrolysis. 



5=a=F 
if* 



10 



15 



2628. The method of claim 261 9. wherein heating pe section of the formation further 
comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating element, wherein the formation has an Average heat capacity (C v ). and wherein 
the heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



20 



2629. The method of claim 26 1/9, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 

2630. The method of claim 4619, further comprising heating the selected section of the 
formation such that a thermaj^ conductivity of the selected section is greater than about 
0.5 W/(m °C). 



25 



263 1 . The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced 
API gravity of at least about 25°. 



formation, wherein the produced mixture comprises condensable hydrocarbons having an 

Lt 



2632. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 
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2633. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the lion-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2634. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wljfen calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2635. The method of claim 2619, furtHer comprising producing a mixture from the 
formation, wherein the produced mixti/re comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigljft, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxyger 

2636. The method of claim 26 1 9, tfurther comprising producing a mixture from the 
formation, wherein the produced fixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulf 



2637. The method of claim 261/9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 3ff> % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2638. The method of claim 2i 
formation, wherein the produced 
wherein greater than about 20 % 
compounds. 



9, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, and 
'o by weight of the condensable hydrocarbons are aromatic 



t 
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2639. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2640. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight ^f the condensable hydrocarbons are 
asphaltenes. 

2641. The method of claim 261 9. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to aboift 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2642. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2643 . The method of claim 2619 
formation, wherein the produced 
about 0.05 % by weight of the projduced 



2644. The method of claim 26 1 9 
formation, wherein the produced 
is used to produce fertilizer. 



further comprising producing a mixture from the 
rjiixture comprises ammonia, and wherein greater than 
mixture is ammonia. 



further comprising producing a mixture from the 
ixture comprises ammonia, and wherein the ammonia 
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2645. The method of claim 261 9. further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. / 

2646. The method of claim 2619, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. / 

2647. The method of claim 2647, wherein thapartial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2648. The method of claim 261 9, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2649. The method of claim 2619, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. / 

2650. The method of claim 261 9, flirther comprising: 

providing hydrogen (H 2 ) to ihe heated section to hydrogenate hydrocarbons 
within the heated section; and / 

heating a portion of the sedtion with heat from hydrogenation. 

2651 . The method of claim 2619, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydroger . 

2652. The method of claim 2619, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 
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2653. The method of claim 2619, wherein heating comprises substantially uniformly 
increasing a permeability of a majority of the heated/section. 

2654. The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2655. The method of claim 2619. further comprising producing a mixture in a 
production well, and wherein at least about 7/heat sources are disposed in the formation 
for each production well. 

2656. The method of claim 2619, further/comprising providing heat from three or more 
heat sources to at least a portion of the fo/mation. wherein three or more of the heat 
sources are located in the formation in a/init of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2657. The method of claim 261 9, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patterh, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



production well is located such thaft 
formation comprises non-condens; 
comprising hydrogen. 



nore heat sources to at least a portion of the 
from the one or more heat sources to a selected 



2658. A method of treating a hydricarbon containing formation in situ, comprising: 

providing heat from one or 
formation; 

allowing the heat to transfe 
section of the formation; and 

producing a mixture from t[ie formation through a production well, wherein the 

a majority of the mixture produced from the 
3le hydrocarbons and a non-condensable component 



\ 
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2659. The method of claim 2658. wherein the one or more he^t sources comprise at 
least two heat sources, and wherein superposition of heat frojrt at least the two heat 
sources pyrolyzes at least some hydrocarbons within the sheeted section of the 
formation. 

2660. The method of claim 2658, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature/ange. 

2661. The method of claim 2658, wherein the Production well is less than 
approximately 6 m from a heat source of the one or more heat sources. 

2662. The method of claim 2658 5 whereinihe production well is less than 
approximately 3 m from a heat source of tne one or more heat sources. 

2663. The method of claim 2658, wherfcin the production well is less than 
approximately 1.5 m from a heat source of the one or more heat sources. 

2664; The method of claim 2658, wherein an additional heat source is positioned within 
a wellbore of the production well. 

2665. The method of claim 2658,^vherein the one or more heat sources comprise 
electrical heaters. 

/ 

2666. The method of claim 265$jf, wherein the one or more heat sources comprise 
surface burners. 



2667. The method of claim 2658. wherein the one or more heat sources comprise 
flameless distributed combuston . 



\ 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. j 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/or the temperature is controlled as 
a function of pressure. / 

2670. The method of claim 2658, further compri/ing controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2671 . The method of claim 2658, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. I 

2672. The method of claim 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/6m °C). 



2674. The method of claim 2658, wherein the produce^ mixture comprises condensable 
hydrocarbons having an API gravity of at least about 

2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weigh/ to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2676. The method of claim 2658, wherein a/nolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboiit 0.001 to about 0.15. 

2677. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2678. The method of claim 2658. wheifein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ab6ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2679. The method of claim 2658, whjrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hvdrocarbon 



i is sulfur. 



2680. The method of claim 2658, whlerein 
hydrocarbons, wherein about 5 % by \]v 
hydrocarbons comprise oxygen containing 
containing compounds comprise phenyls 



the produced mixture comprises condensable 
eight to about 30 % by weight of the condensable 
g compounds, and wherein the oxygen 
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2681 . The method of claim 265 8, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

\ 

2682. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



Q 



2683. The method of claim 2658, wherein the r/roduced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 f/o by weight of the condensable 
hydrocarbons are asphaltenes. 



2684. The method of claim 2658, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanes. 

2685. The method of claim 2658, whdrein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydroge/i is less than about 80 % by volume of the non- 
condensable component. 



25 



30 



2686. The method of claim 2658, ^herein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2687. The method of claim 2658 
and wherein the ammonia is used 



wherein the produced mixture comprises ammonia, 
t{) produce fertilizer. 



2688. The method of claim 2658, 
least a majority of the selected sect 
is at least about 2.0 bar absolute. 



further comprising controlling a pressure within at 
on of the formation, wherein the controlled pressure 
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2689. The method of claim 2658. further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2691 . The method of claim 2658, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2692. The method of claim 2658. furthey comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, furtner comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the sectipn with heat from hydrogenation. 

2694. The method of claim 2658 ./further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion or the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

2696. The method of claim 26^8, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons/as measured by the Fischer 
Assay. 

2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2699. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the format/on, wherein three or more of the heat 
sources are located in the formation in a unit/of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2700. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the fcfrnation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ind wherein a plurality of the units are repeated 
over an area of the formation to form a/repetitive pattern of units. 



2701 . A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat to at least a portion of the formation from one or more first heat 
sources placed within a pattern in thd formation; 



allowing the heat to transfer 
section of the formation; 

heating a second section of t 



:Tom the one or more first heat sources to a first 



le formation with at least one second heat source. 



wherein the second section is located within the first section, and wherein at least the one 
second heat source is configured to raise an average temperature of a portion of the 
second section to a higher temperature than an average temperature of the first section: 
and 
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producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
condensable hydrocarbons and a non-condensable component comprising H 2 
components. 

2702. The method of claim 270 1 , wherein the one or n/ore first heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within /he first section of the formation. 

2703 . The method of claim 270 1 ? further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 

2704. The method of claim 2701, wherein at Ifeast the one heat source comprises a 
heater element positioned within the production well. 

2705. The method of claim 2701 5 wherein jit least the one second heat source comprises 
an electrical heater. 

2706. The method of claim 270 1 , whereih at least the one second heat source comprises 
a surface burner. 

2707. The method of claim 2701 , wherjbin at least the one second heat source comprises 
a flameless distributed combustor. 



2708. The method of claim 2701 , wherein at least the one second heat source comprises 
a natural distributed combustor. 



2709. The method of claim 2701, fuifther 
temperature within at least a majority 
wherein the pressure is controlled as z 
controlled as a function of pressure. 



comprising controlling a pressure and a 
of the first or the second section of the formation, 
function of temperature, or the temperature is 
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2710. The method of claim 2701. further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 °C,per v day during pyrolysis. 



2711. The method of claim 2701, wherein providing heatyto the formation further 
comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more first heat sources, wherein the formation has an average heat capacity (C v ) ? 
and wherein the heating pyrolyzes at least some hydrocarbons within the selected volume 
of the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation; / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day. n is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 



2712. The method of claim 2701 , wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 2701, wherein providing heat from the one or more first heat 
sources comprises heating the first section such that a thermal conductivity of at least a 
portion of the first section is greater thari about 0.5 W/(m °C). 

2714. The method of claim 2701. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity oflat least about 25°. 

2715. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 




°C/day. 
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2716. The method of claim 2701, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

2717. The method of claim 2701, wherein the produce/mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 

2718. The method of claim 2701, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2719. The method of claim 2701, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein less than ab/ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon/ is sulfur. 

2720. The method of claim 2701, v/herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

272 1 . The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

f 

2722. The method of claim 21701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leis than about 5 % by weight of the condensable 
hydrocarbons comprises mult -ring aromatics with more than two rings. 

2723. The method of claim ; 70 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight \b about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-obndensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is^less than about 80 % by volume of the non- 
condensable component. / 

2726. The method of claim 2701, Wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2727. The method of claim 270j( wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2728. The method of claim 2701, further comprising controlling a pressure within at 
least a majority of the first or the second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2729. The method of claim! 2701, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

2730. The method of clatfm 2729, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

273 1 . The method of clc im 270 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abo it 25. 

v 
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2732. The method of claim 2701. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method of claim 2701, further corppnsing: 
providing hydrogen (H 2 ) to the first dx second section to hydrogenate 

hydrocarbons within the first or second se/tion, respectively; and 

heating a portion of the first or setond section, respectively, with heat from 
hydrogenation. 

2734. The method of claim 2701 , Airther comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion />f the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2735. The method of claim 2701, wherein allowing the heat to transfer comprises 
increasing a permeability <jff a majority of the first or second section to greater than about 
100 millidarcy. 

2736. The method of <pim 2701, wherein allowing the heat to transfer comprises 
substantially uniform^ increasing a permeability of a majority of the first or second 
section. 

2737. The method off claim 2701 , wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by the Fischer Assay. 



2738. Themetho< 
the formation for 



of claim 2701. wherein at least about 7 heat sources are disposed in 
e£ch production well. 
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2739. The method of claim 270 l s further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. <''' 

2740. The method of claim 2701 , furthe/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation id a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2741 . A method of treating aynydrocarbon containing formation in situ, comprising: 
providing heat into the formation from a plurality of heat sources placed in a 

pattern within the formation wherein a spacing between heat sources is greater than 
about 6 m; / 

allowing the heayto transfer from the plurality of heat sources to a selected 
section of the formation; 

producing a mixture from the formation from a plurality of production wells, 
wherein the plurality <&f production wells are positioned within the pattern, and wherein a 
spacing between production wells is greater than about 12 m. 

2742. The method/of claim 274 1 , wherein superposition of heat from the plurality of 
heat sources pyroNzes at least some hydrocarbons within the selected section of the 
formation. 

2743. The method of claim 274 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2744. The meth )d of claim 2741 , wherein the plurality of heat sources comprises 
electrical heaters. 



\ 
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2745. The method of claim 274 L wherein the plurality of heat sources comprises 
surface burners. / 



2746. The method of claim 274 1 , wherein the pjurality of heat sources comprises 
flameless distributed combustors. 

2747. The method of claim 274 1 , whereii/ the plurality of heat sources comprises 
natural distributed combustors. 

2748. The method of claim 2741, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2749. The method of claim 2/4 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 



2750. The method of claim 274 1 , wherein providing heat from the plurality of heat 
comprises: / 

heating a selected Volume (V) of the hydrocarbon containing formation from the 
plurality of heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrol 
the formation; and 

wherein heating 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v ^7 B 

wherein Pwr is ihe heating energy/day, h is an average heating rate of the 
formation, p B is formati )n bulk density, and wherein the heating rate is less than about 10 
°C/day. 



lyzes at least some hydrocarbons within the selected volume of 
energy/day provided to the volume is equal to or less than Pwr. 
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275 1 . The method of claim 274 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at )east a portion of the selected section is 
greater than about 0.5 W/(m °C). 

2753. The method of claim 2741, wherem the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2755. The method of claim 2:741, wherein the produced mixture comprises non- 
condensable hydrocarbons, And wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons' ranges from about 0.001 to about 0.15. 

2756. The method of c/aim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and whefrein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2757. The method j>f claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and ^herein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2758. The method 
hydrocarbons, anc 
basis, of the condensable 



of claim 2741, wherein the produced mixture comprises condensable 
wherein less than about 1 % by weight, when calculated on an atomic 
hydrocarbons is sulfur. 
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2759. The method of claim 2741. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % bv weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2760. The method of claim 2741, wherein tbfe produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2761. The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than atoout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring afromatics with more than two rings. 

2762. The method of claim 2741 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tMan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2763. The method of claim 2/41, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abbut 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2764. The method of claimf 2741, wherein the produced mixture comprises a non- 
condensable component, wtterein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2765. The method of clai m 274 1 , wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 




671 



Conley. Rose & Tayon. P C. 



2766. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of th^formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2768. The method of claim 2741, furtner comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

2769. The method of claim 276«, wherein the partial pressure of I-b within the mixture 
is measured when the mixture is at a production well. 

2770. The method of claim£741 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2771 . The method of cl^iim 2741, further comprising controlling formation conditions 
by recirculating a portiojk of hydrogen from the mixture into the formation. 



2772. The method of claim 2741 , further comprising: 

providing hydrogen (H 2 ) to the selected section to hydrogenate hydrocarbons 
within the selected section; and 

heating a portion of the selected section with heat from hydrogenation. 



2773. The method of claim 
producing hydn 
hydrogenating 

portion of the produced 



2741, further comprising: 
ogen and condensable hydrocarbons from the formation; and 
a portion of the produced condensable hydrocarbons with at least a 
hydrogen. 
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2774. The method of claim 2741, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



2775. The method of claim 274 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability/of a majority of the selected section. 

2776. The method of claim 2741, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2777. The method of claim 2741, wherein at least about 7 heat sources are disposed in 
the formation for each production wml. 

2778. The method of claim 274 1/ further comprising providing heat from three or more 
heat sources to at least a portion pf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangularmattern. 

2779. The method of claim/2741, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2780. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at leait a portion of the formation during use; 
an oxidizing flu d source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
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use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat ^transfer substantially by 
conduction from the reaction zone to a pyrolysis zone'of the formation during use. 

2781 . The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2782. The system of claim 2780, wherem the conduit comprises orifices, and wherein 
the orifices are configured to provide thfe oxidizing fluid into the opening. 



fi 15 



20 



2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation In the formation is controlled. 

2784. The system of claim 2780, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such tMat the conduit is not substantially heated by oxidation. 



2785. The system of claim 
oxidation product. 



2^80, w] 



herein the conduit is further configured to remove an 



25 



2786. The system of claim/2780, wherein the conduit is further configured to remove an 
oxidation product such that [the oxidation product transfers substantial heat to the 
oxidizina fluid. 



2787. The system of claim 
oxidation product, and whe 
approximately equal to a fl 



2780, wherein the conduit is further configured to remove an 
rein a flow rate of the oxidizing fluid in the conduit is 
ow rate of the oxidation product in the conduit. 
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2788. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2789. The system of claim 2780, wherein the con/uit is fiirther configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond tne reaction zone. 

2790. The system of claim 2780, wherein/he oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2791 . The system of claim 2780, further comprising a center conduit disposed within 
the conduit, wherein the center condfiit is configured to provide the oxidizing fluid into 
the opening during use, and wherei^ the conduit is further configured to remove an 
oxidation product during use. 

2792. The system of claim 27S0, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second/conduit is disposed within the opening, and wherein the 
conductor is configured to Meat at least a portion of the formation during application of an 
electrical current to the conductor. 



2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation djuring application of an electrical current to the insulated 
conductor. 
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2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. ■ 



10 



2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is/fconfigured to heat the oxidizing fluid, 
wherein the conduit is further configured to pifovide the heated oxidizing fluid into the 
opening during use, and wherein the heated /xidizing fluid is configured to heat at least a 
portion of the formation during use. 



Q 15 
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2797. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2798. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2799. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the ovjbrburden casing is further disposed in cement. 



25 



2800. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



30 



2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packin g material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2802. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2803. The system of claim 2780, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 

heater is further configurable to provide heat to at least a portion of the formation during 
use; 

a conduit configurable to be^disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation during use,/and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2805. The system of claim 2$04, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such (that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2806. The system of claim 
the orifices are configurable 



804. wherein the conduit comprises orifices, and wherein 
tjo provide the oxidizing fluid into the opening. 
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2807. The system of claim 2804. wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow 7 of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. / 

2809. The system of claim 2804, wherein th£ conduit is further configurable to remove 
an oxidation product. / 

2810. The system of claim 2804, whereki the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

281 1 . The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2812. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein/a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product In the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherefin the oxidation product is substantially inhibited from 
flowing into portions of the fomation beyond the reaction zone. 

2814. The system of claim 2804. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

I 
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2815. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to prdvide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 



2816. The system of claim 2804, wherein the Portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

28 1 7. The system of claim 2804, further (Comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at leapt a portion of the formation during application of 
an electrical current to the conductor./ 

2818. The system of claim 2804, further comprising an insulated conductor disposed 
within the opening, wherein the irisulated conductor is configurable to heat at least a 
portion of the formation during Application of an electrical current to the insulated 
conductor. 

28 1 9. The system of claim 2804, further comprising at least one elongated member 
disposed within the opening/ wherein the at least the one elongated member is 
configurable to heat at least/a portion of the formation during application of an electrical 
current to the at least the one elongated member. 



2820. The system of claim 2804, further comprising a heat exchanger disposed external 
to the formation, wherein/the heat exchanger is configurable to heat the oxidizing fluid. 



wherein the conduit is further configurable to provide the heated oxidizing fluid into the 



opening during use, and 



wherein the heated oxidizing fluid is configurable to heat at least 



a portion of the formation during use 
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282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2822. The system of claim 2804 5 further compri/ing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 

2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, furtMer comprising an overburden casing coupled to 
the opening, wherein a packing mater/al is disposed at a junction of the overburden 
casing and the opening. 



2825. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburd'en casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the/ packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



2826. The system of claim 28(j4 
the opening, wherein the overburden 
formation, wherein a packing njaterial 
and the opening, and wherein tliie 



2804 



2827. The system of claim 
transferred heat can pyrolyze al 



further comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
is disposed at a junction of the overburden casing 
packing material comprises cement. 



wherein the system is further configurable such that 
east some hydrocarbons in the pyrolysis zone. 



2828. An in situ method for heating a hydrocarbon containing formation, comprising: 
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heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation ^vith an oxidizing fluid; 

providing the oxidizing fluid to a reaction z<4ne in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reactior/zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



10 



2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



2830. The method of claim 2828, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



15 



n 20 



2831. The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices ^f a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

2832. The method of claim/2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



25 



2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



30 



2834. The method of cflaim 2828 5 wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 
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2835. The method of claim 2828. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product/rom the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 



fluid in the conduit. 



/ 



/ 



2836. The method of claim 2828, wherein a copfduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

2838. The method of claim 2828. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

2839. The method of claiAi 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



2840. The method of claim 2828, wherein a center conduit is disposed within an outer 
conduit, and wherein the/ outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



2841. The method of c 
from the opening a width 



aim 2828, wherein the portion of the formation extends radially 
of less than approximately 0.2 m. 



\ 
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2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. / 

2843. The method of claim 2828, wherevn heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 

2844. The method of claim 2828. wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2845. The method of claim 2828. wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. / 

2846. The method of claim 2828, further comprising removing water from the formation 
■ prior to heating the portioi^ 

2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

2848. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein we overburden casing is disposed in an overburden of the 
formation. 

2849. The method o: 'claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and where n the overburden casing comprises steel. 
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2850. The method of claim 2828, further comprising coupling an overburden casing to 

the opening, wherein the overburden casing is disposed in an overburden of the 

/ 

formation, and wherein the overburden casing is further disposed in cement. 

2851 . The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing material indisposed at a junction of the overburden 
casing and the opening. / 

2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

2853. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in ary opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use. wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during'use such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and / 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system off claim 2853. wherein the oxidizing fluid is configured to generate 
heat in the reaction 2 one such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2855. The system cf claim 2853. wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2857. The system of claim 2853. wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit/is not substantially heated by oxidation. 

2858. The system of claim 2853 ? wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853, wnerein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to 4 flow rate of the oxidation product in the conduit. 

2860. The system of claim 2853. wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidationyproduct in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

2861 . The system of claim £853. wherein the oxidation product is substantially inhibited 
from flowing into portions pf the formation beyond the reaction zone. 

2862. The system of clai; 
from flowing into portion! 

2863. The system of claim 2853. further comprising a center conduit disposed within 
the conduit, wherein the/center conduit is configured to provide the oxidizing fluid into 
the opening during use. 

2864. The system of claim 2853. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2853 5 wherein the oxidizing fluid is substantially inhibited 
of the formation beyond the reaction zone. 
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2865. The system of claim 2853. further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 



2866. The system of claim 2853. further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application ofan electrical current to the insulated 
conductor. / 

2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein trie at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. / 

2868. The system of claim 2853/ further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use. and wherein the heated oxidizing fluid is configured to heat at least a 
portion, of the formation during use. 

2869. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2870. The system of clain 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



conductor is configured to heat at least a portion of the formation during application of an 




electrical current to the conductor. 
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2871 . The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2872. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein a packing material is d/sposed at a junction of the overburden 
casing and the opening. 

2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2874. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overourden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and where/n the packing material comprises cement. 

2875. The system of claim 2853, wherein the system is further configured such that 
transferred heat can pyroiyze at least some hydrocarbons in the pyrolysis zone. 



2876. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 



use: 



further configurable to 
reaction zone in the fc 



a conduit conf gurable to be disposed in the opening, wherein the conduit is 



provide an oxidizing fluid from an oxidizing fluid source to a 
rmation during use, wherein the system is configurable to allow the 



oxidizing fluid to oxic ize at least some hydrocarbons at the reaction zone during use such 



v. 
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that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation drfring use: and 

wherein the system is further configurable4o allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone during use. 

2877. The system of claim 2876. wherein me oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2878. The system of claim 2876. wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



2879. The system of claim 287a, wherein the conduit comprises critical flow orifices, 
H and wherein the critical flow ormces are configurable to control a flow of the oxidizing 

■q 15 fluid such that a rate of oxidat^n in the formation is controlled. 



2880. The system of claim 2876. wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 

2881. The system of cla^m 2876, wherein the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 



2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
25 conduit is approximately equal to a flow rate of the oxidation product in the conduit. 



2883. The system of 
and a pressure of the c 
contamination of the c 



laim 2876. wherein a pressure of the oxidizing fluid in the conduit 
xidation product in the conduit are controlled to reduce 
xidation product by the oxidizing fluid. 
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2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation bey^id the reaction zone. 

2885. The system of claim 2876. wherein tfie oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



10 



2886. The system of claim 2876, furtl/er comprising a center conduit disposed within 
the conduit, wherein center conduit ^configurable to provide the oxidizing fluid into the 
opening during use. 

2887. The system of claim 2876; wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



w 15 



2888. The system of claim 2876. further comprising a conductor disposed in a second 
conduit, wherein the second/conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the/conductor. 



O 



2889. The system of claim 2876 ; further comprising an insulated conductor disposed 
20 within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 



25 



30 



2890. The system of claim 2876 ; further comprising at least one elongated member 



disposed within the 
configurable to heat 



current to the at least the one elongated member. 



2891. The system 
to the formation, w 



pening, wherein the at least the one elongated member is 
at least a portion of the formation during application of an electrical 



of claim 2876. further comprising a heat exchanger disposed external 
herein the heat exchanger is configurable to heat the oxidizing fluid. 



wherein the conduii is further configurable to provide the heated oxidizing fluid into the 
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opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

2892. The system of claim 2876. further composing an overburden casing coupled to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation. 

2893. The system of claim 2876, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2894. The system of claim 2876. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2896. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 



a flow of fluid between th* 



opening and the overburden casing during use. 



2897. The system of clai n 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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2898. The system of claim 2876, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2899. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat in tha reaction zone; 

removing at least a portion of an oxidation product through the opening; and 

transferring the generated hea/ substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899/further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

2901 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening/through orifices of a conduit disposed in the opening. 



2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



2903. The method of claim 
fluid in the opening to 
that a rate of oxidation is 



2904. The method of claim 
method further comprising 
conduit is not substantially 



2899, further comprising increasing a flow of the oxidizing 
acconjmodate an increase in a volume of the reaction zone such 
substantially maintained within the reaction zone. 



2899, wherein a conduit is disposed in the opening, the 
clooling the conduit with the oxidizing fluid such that the 
ated bv oxidation. 
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2905. The method of claim 2899, wherein a condiit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxipation product through the conduit. 



2906. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the o?Jdation product through the opening 
comprises removing at least the portion of the/oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 



conduit to the oxidizing fluid in the conduit 



2907. The method of claim 2899, wherdin a conduit is disposed within the opening, 
wherein removing at least the portion oythe oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fpid in the conduit is approximately equal to a flow 
rate of the oxidation product in the conduit. 

2908. The method of claim 2899/wherein a conduit is disposed within the opening, and 
wherein removing at least the ponion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduijt to reduce contamination of the oxidation product by the 
oxidizine fluid. 



2909. The method of claim 2J899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 



V 
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2910. The method of claim 2899. further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

291 1 . The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product/through the outer conduit. 



10 



2912. The method of claim 2899. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



y 
p 

l : 



15 
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2913. The method of claim 2899. wherein/heating the portion comprises applying 
electrical current to a conductor disposed/n a conduit, wherein the conduit is disposed 
within the opening. 

2914. The method of claim 2899, wKerein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 

291 5. The method of claim 2899/ wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 



25 



2916. The method of claim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 



2917. The method of clairp 2899, further comprising removing water from the formation 
prior to heating the portior 



30 2918. The method of 

formation to substantially 



claUn 2899, further comprising controlling the temperature of the 
nhibit production of oxides of nitrogen during oxidation. 
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2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing^mprises steel. 

2921 . The method of claim 2899. further comprising coupling an overburden casing to 
the opening, wherein the overburden casirfg is disposed in an overburden of the 
formation, and wherein the overburden Rasing is further disposed in cement. 

2922. The method of claim 2899. further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2923. The method of claim 2&99> wherein the pyrolysis zone is substantially adjacent to 
the reaction. / 

2924. A system configured/to heat a hydrocarbon containing formation, comprising: 
an electric heater disposed in an opening in the formation, wherein the electric 

heater is configured to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposea in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use. and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone: and 

wherein the system is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 

V 
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2925. The system of claim 2924. wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2926. The system of claim 2924, wherein the conduil/comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2927. The system of claim 2924, wherein the/conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2928. The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that ther conduit is not substantially heated by oxidation. 

2929. The system of claim 2924/ wherein the conduit is further configured to remove an 
oxidation product. / 

2930. The system of claim 2924. wherein the conduit is further configured to remove an 
oxidation product, such that me oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a llow rate of the oxidation product in the conduit. 

2932. The system of dim 2924. wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidatior product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2933. The system of claim 2924. wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyoria the reaction zone. 
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2935. The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the/conduit is further configured to remove an 
oxidation product during use. 

2936. The system of claim 2924. wherein the portion of the formation extends radially 
from the opening a width of less man approximately 0.2 m. 

2937. The system of claim 29z4. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 



2938. The system of claim j£924 ; further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2939. The system of claim 2924. further comprising an overburden casing coupled to 



the opening, wherein the 
formation, and wherein the 



the opening, wherein a pac 
casing and the opening. 



r erburden casing is disposed in an overburden of the 
overburden casing is further disposed in cement. 



2940. The system of claim 2924. further comprising an overburden casing coupled to 



ing material is disposed at a junction of the overburden 



Conley. Rose & Tayon. P C. 



2941 . The system of claim 2924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden c^sin^ during use. 

2942. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924. where/n the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2944. A system configurable to heat a hydrocarbon containing formation, comprising: 
an electric heater configurable to be disposed in an opening in the formation. 

wherein the electric heater is further configurable to provide heat to at least a portion of 
the formation during use, and wfyferein at least the portion is located substantially adjacent 
to the opening; 

a conduit configurable |b be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system/is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2945. The system of clain 2944. wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffus\pn. 
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2946. The system of claim 2944. wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2947. The system of claim 2944, wherein the conduit/comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation/is controlled. 

2948. The system of claim 2944, wherein th/conduit is further configurable to be 
cooled with the oxidizing fluid such that ther conduit is not substantially heated by 
oxidation. / 

2949. The system of claim 2944, wh/rein the conduit is further configurable to remove 
an oxidation product. / 

2950. The system of claim 29A% wherein the conduit is further configurable to remove 
an oxidation product such that tMe oxidation product transfers heat to the oxidizing fluid. 

.2951 . The system of claim 2044, wherein the conduit is further configurable to remove 
an oxidation product, and wHerein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2952. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, ana wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2953. The system of alaim 2944. wherein the conduit is further configurable to remove 
an oxidation product, end wherein the oxidation product is substantially inhibited from 
flowing into portions c f the formation beyond the reaction zone. 

v 
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2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2955. The system of claim 2944 ? further comprising a /enter conduit disposed within 
the conduit, wherein center conduit is configurable to/provide the oxidizing fluid into the 
opening during use. and wherein the conduit is further configurable to remove an 
oxidation product during use. / 

2956. The system of claim 2944, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944. furtner comprising an overburden casing coupled to 
the opening, wherein the overburden basing is disposed in an overburden of the 
formation. / 

2958. The system of claim 29 A% further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

296 1 . The system of ch im 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2962. The system of claim 2944, further comprising ay( overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at/a junction of the overburden casing 
and the opening, and wherein the packing material >comprises cement. 

2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2964. A system configured to heat a hydrocarbon containing formation, comprising: 

a conductor disposed in a first conduit, wherein the first conduit is disposed in an 
opening in the formation, and wherein the conductor is configured to provide heat to at 
least a portion of the formation during i/se; 

an oxidizing fluid source; 

a second conduit disposed in jfae opening, wherein the second conduit is 
configured to provide an oxidizing fluid from the oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone during use such that heat is generated at the 
reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2965. The system of claim 29J64, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such mat the oxidizing fluid is transported through the reaction 
zone substantially by diffusior 



2966. The system of claim 2964, wherein the second conduit comprises orifices, and 



wherein the orifices are conf 



gured to provide the oxidizing fluid into the opening. 
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2967. The system of claim 2964. wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 



2968. The system of claim 2964. wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2969. The system of claim 2964. w : herein/the second conduit is further configured to 
remove an oxidation product. 

2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such th^t the oxidation product transfers heat to the 
oxidizing fluid. 

2971 . The system of claim 2964./wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow/rate of the oxidation product in the second conduit. 

2972. The system of claim 2964. wherein the second conduit is further configured to 
remove* an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2973. The system of claim/2964, wherein the second conduit is further configured to 
remove an oxidation produqt. and wherein the oxidation product is substantially inhibited 
from flowing into portions pf the formation beyond the reaction zone. 



2974. The system of clairi 
from flowing into portions 



2964 ; wherein the oxidizing fluid is substantially inhibited 
of the formation beyond the reaction zone. 
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2975. The system of claim 2964, further comprising a center conduit disposed within 
the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid into the opening during use, and wherein the Second conduit is further configured to 
remove an oxidation product during use. / 

2976. The system of claim 2964, wherein tne portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overpurden casing comprises steel. 

2979. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim £964, further comprising an overburden casing coupled to 
the opening, wherein a pacwing material is disposed at a junction of the overburden 
casing and the opening. I 

2981. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

I 
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2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at/a junction of the overburden casing 
and the opening, and wherein the packing material/comprises cement. 

2983. The system of claim 2964. wherein the/system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2984. A system configurable to heat a hydrocarbon containing formation, comprising: 
a conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to p/ovide heat to at least a portion of the formation 
during use; 

a second conduit configurable to be disposed in the opening, wherein the second 
conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the oxidizing fluid to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is/ further configurable to allow heat to transfer substantially 
by conduction from the react/on zone to a pyrolysis zone of the formation during use. 



2985. The system of claim/2984, wherein the oxidizing fluid is configurable to generate 



heat in the reaction zone 



such that the oxidizing fluid is transported through the reaction 



zone substantially by diffusion. 



2986. The system 
wherein the orifices are 



2987. The system of cl 
orifices, and wherein the 
oxidizing fluid such that k 



of claifrn 2984. wherein the second conduit comprises orifices, and 
configurable to provide the oxidizing fluid into the opening. 



a[im 2984, wherein the second conduit comprises critical flow 
critical flow orifices are configurable to control a flow of the 
rate of oxidation in the formation is controlled. 
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2988. The system of claim 2984. wherein the second conduit is further configurable to 
be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 



2989. The system of claim 2984. wherein the set^ond conduit is further configurable to 
remove an oxidation product. 

2990. The system of claim 2984, wherein me second conduit is further configurable to 
remove an oxidation product such that th^oxidation product transfers heat to the 
oxidizing fluid. 

2991 . The system of claim 2984. Wterein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

2992. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2993. The system of claim 2984, wherein the second -conduit is further configurable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2995. The system of cliim 
the second conduit, wherein 
into the opening during 
remove an oxidation proil 



2984, further comprising a center conduit disposed within 
in center conduit is configurable to provide the oxidizing fluid 
ijise, and wherein the second conduit is further configurable to 
uct during use. 
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2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2997. The system of claim 2984. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation. 

2998. The system of claim 2984, furthei^cornprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdei/ casing comprises steel. 

2999. The system of claim 2984, fiirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing /naterial is disposed at a junction of the overburden 
casing and the opening. 



3001. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3002. The system of claim 
the opening, wherein the ov 
formation, wherein a packir 
and the opening, and where 



2984, further comprising an overburden casing coupled to 
erburden casing is disposed in an overburden of the 
g material is disposed at a junction of the overburden casing 
n the packing material comprises cement. 
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3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3004. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 
to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

3005. The method of claim 3004, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3006. The method of claim 3004 ? further co: 
oxidizing fluid into the opening through orifn 
opening. j 

3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. 

3008. The method of claim 3004, furthei 
fluid in the opening to accommodate an ii 
that a rate of oxidation is substantially CO] 



prising directing at least a portion of the 
jes of a second conduit disposed in the 



comprising increasing a flow of the oxidizing 
[crease in a volume of the reaction zone such 
istant over time within the reaction zone. 
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3009. The method of claim 3004. wherein a second conduit is disposed in the opening 
the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 

301 0. The method of claim 3004. wherein a second conduit is disposed within the 
opening, the method further comprising removing an o/idation product from the 
formation through the second conduit. 

301 1 . The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product 
the conduit to the oxidizing fluid in the second conduit. 

3012. The method of claim 3004. wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit, wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal/to a flow rate of the oxidation product in the 
second conduit. 

3013. The method of claim 3004, ^herein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 

3014. The method of claim 3G04, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit land substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 
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3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004. wherein a center conduit is/disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer condmt. 

3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

301 8. The method of claim 3004, further comprising removing water from the formation 
prior to heating the portion. / 

3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3020. The method of claim 3004, i 
the opening, wherein the overburdej 
formation. / 

3021 . The method of claim 3004/, further comprising coupling an overburden casing to 
the opening, wherein the overburflen casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



irther comprising coupling an overburden casing to 
casing is disposed in an overburden of the 
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3023. The method of claim 3004. further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3024. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed in an opening in the formation, wherein the 

insulated conductor is configured to provide heayxo at least a portion of the formation 
during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, ^herein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is /elected to oxidize at least some hydrocarbons at 
the reaction zone during use such that/heat is generated at the reaction zone: and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone/to a pyrolysis zone of the formation during use. 

3025. The system of claim 302/k wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusior 

3026. The system of claim 8024. wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3027. The system of claim 3024. wherein the conduit comprises critical flow-' orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3028. The system of claim 3024, wherein the conduit is configured to be cooled with the 



oxidizing fluid such that 



the conduit is not substantially heated by oxidation. 
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3029. The system of claim 3024. wherein the conduit is further configured to remove an 
oxidation product. 



3030. The system of claim 3024. wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluids 



303 1 . The system of claim 3024 ? wherein the corauit is further configured to remove an 
oxidation product, and wherein a flow rate of th/oxidj^ing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3032. The system of claim 3024. wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in me conduit are controlled to reduce contamination 
of the oxidation product by the oxidi/zing fluid. 

3033. The system of claim 3024/wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3/324. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions oi the formation beyond the reaction zone. 

3035. The system of claim 3024 ; further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. and wherein the conduit is further configured to remove an 
oxidation product during use. 



3036. The system of claim 3024. wherein the portion of the formation extends radially 
from the opening a widt i of less than approximately 0.2 m. 



V 
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3037. The system of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3038. The system of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden basing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 302A. further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3041. The system of clairrV 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a pacing material is disposed at a junction of the overburden casing 
and the -opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3042. The system of cljaim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3043. The system of 
transferred heat can 



3044. A system conf 



olaim 3024. wherein the system is further configured such that 
p\rolyze at least some hydrocarbons in the pyrolysis zone. 



gurable to heat a hydrocarbon containing formation, comprising: 
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an insulated conductor configurable to be disposed in an opening in the formation, 
wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizmg fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3045. The system of clainv3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3048. The system (of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxijdizing fluid such that the conduit is not substantially heated by 
oxidation. 



of claim 3044. wherein the conduit is further configurable to remove 



3049. The systeir 
an oxidation prodi ct 



3050. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 
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305 1 . The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of thefoxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3052. The system of claim 3044, wherein the condjiit is further configurable to remove 
an oxidation product, and wherein a pressj/re of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the c/onduit are controlled to reduce contamination of 
the oxidation product by the oxidizing/fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3054. The system of claim 3044, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions oi the formation beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein centen conduit is configurable to provide the oxidizing fluid into the 
opening during use. and wperein the conduit is further configurable to remove an 
oxidation product during Jise. 

3056. The system of cla m 3044, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m, 

3057. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

i 
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3058. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

/ \ 

3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening. w r herein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing mate/ial is disposed at a junction of the overburden 
casing and the opening. 

3061 . The system of claim 3044/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein tine packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3062. The system of claim p044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3063. The system of claip 3044. wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3064. An in situ methoc 
heating a portion 



for heating a hydrocarbon containing formation, comprising: 
of the formation to a temperature sufficient to support reaction 



heating comprises apply 
to the portion, and where 



of hydrocarbons within tie portion of the formation with an oxidizing fluid, wherein 



ng an electrical current to an insulated conductor to provide heat 
in the insulated conductor is disposed within the opening; 
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providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zonjeff and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3065. The method of claim 3064, further c/mprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3066. The method of claim 3064. furtKer comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3067. The method of claim 3064, /further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of A conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064. wherein a conduit is disposed in the opening, the 
method further comprising/cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



3070. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



3071. The method of c 
method further comprisih 



aim 3064 5 wherein a conduit is disposed within the opening, the 
g removing an oxidation product from the formation through 
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the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3072. The method of claim 3064, wherein a condiait is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow ; rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product m the conduit. 
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3073. The method of claim 3064. where/n a conduit is disposed within the opening, the 
method further comprising removing air oxidation product from the formation through 
the conduit and controlling a pressureyoetween the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

3074. The method of claim 3064 ; wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing Into portions of the formation beyond the reaction zone. 



3076. The method of claim 
conduit, and wherein the ou 
comprising providing the o) 
removing an oxidation prod 



3077. The method of claim 
from the opening a width of 



3064, wherein a center conduit is disposed within an outer 
er conduit is disposed within the opening, the method further 
idizing fluid into the opening through the center conduit and 
uct through the outer conduit. 



3064 ; wherein the portion of the formation extends radially 
ess than approximately 0.2 m. 
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3078. The method of claim 3064. further comprising removing water from the formation 
prior to heating the portion. 

3079. The method ot claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



U 
O 
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3080. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing /s disposed in an overburden of the 
formation. 

3081 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3083. The method of claim 3064/ further comprising coupling an overburden casing to 
20 the opening, wherein a packing njaterial is disposed at a junction of the overburden 
casing and the opening. 



25 



3084. The method of claim 3064, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3085. An in situ method for heating a hydrocarbon containing formation, comprising: 



heating a portion of the 



of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 



portion is located substantially 



formation to a temperature sufficient to support reaction 



adjacent to an opening in the formation, wherein heating 



30 comprises applying an electrical current to an insulated conductor to provide heat to the 



717 



Conlev. Rose & Tavon. P C. 



portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit indisposed within the opening; 

providing the oxidizing fluid to a reaction zone m the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

3086. The method of claim 3085. further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

3087. The method of claim 3085. furtmer comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices suan that a rate of oxidation is controlled. 

3088. The method of claim 3085. further comprising increasing a flow- of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substant/ally constant over time within the reaction zone. 

3089. The method of claim 30: 
oxidizing fluid to reduce heatini 

3090. The method of claim 3a385. further comprising removing an oxidation product 
from the formation through the conduit. 

3091 . The method of claim/3085, further comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the oxidizipg fluid in the conduit. 

3092. The method of claim 3085. further comprising removing an oxidation product 
from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

7 1 8 Conley. Rose & Tayon. P.C. 
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p. further comprising cooling the conduit with the 
of the conduit bv oxidation. 



3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to redj/ce contamination of the oxidation 
product by the oxidizing fluid. 



10 



3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation/beyond the reaction zone. 

3095. The method of claim 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 
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3096. The method of claim 3085, wmerein a center conduit is disposed within the 
conduit, the method further comprisi/ng providing the oxidizing fluid into the opening 
through the center conduit and removing an oxidation product through the conduit. 

3097. The method of claim 3085/ wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 30p5, further comprising, removing water from the formation 
prior to heating the portion. 

3099. The method of claim 3085, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3 1 00. The method of claim 
the opening, wherein the 
formation. 



5085. further comprising coupling an overburden casing to 
overburden casing is disposed in an overburden of the 
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3101. The method of claim 3085. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3102. The method of claim 3085. further comprising coupling an overburden casing to 
the opening. w : herein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is furthey disposed in cement. 

3 103. The method of claim 3085 ; further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposer at a junction of the overburden 
casing and the opening. / 

3 104. The method of claim 3085, wherein theypyrolysis zone is substantially adjacent to 
the reaction zone. / 

3 105. A system configured to heat a hydroprbon containing formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; / 

an oxidizing fluid source; / 

a conduit disposed in the opening] wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid spurce to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by- 
conduction from the reaction zone to a )yrolysis zone of the formation during use. 

3 1 06. The system of claim 3 1 05, whe; ein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the c xidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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3 1 07. The system of claim 3 1 05, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into xdc opening. 

3108. The system of claim 3105, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to/control a flow 7 of the oxidizing 
fluid such that a rate of oxidation in the formation is/controlled. 

3 1 09. The system of claim 3 1 05, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit i? not substantially heated by oxidation. 

3110. The system of claim 3 1 05, wherein/the conduit is further configured to remove an 
oxidation product. 

3111. The system of claim 3 1 05, whefein the conduit is further configured to remove an 
oxidation product such that the oxida/ion product transfers heat to the oxidizing fluid. 

3112. The system of claim 3 1 05, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3113. The system of claim 3 1 05, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation prodiict in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



3114. The system of claim B 1 05. wherein the conduit is further configured to remove an 
oxidation product, and wherjein the oxidation product is substantially inhibited from 



flowing into portions of the 

3115. The system of clair^ 
from flowing into portions 



formation beyond the reaction zone. 

3105, wherein the oxidizing fluid is substantially inhibited 
f the formation beyond the reaction zone. 
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3116. The system of claim 3 1 05, further comprising a center,conduit disposed within 

the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 

/ 

the opening during use, and wherein the conduit is further/configured to remove an 
oxidation product during use. / 

3117. The system of claim 3 1 05. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3118. The system of claim 3 105. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3119. The system of claim 3 1 05. further comprising an overburden casing coupled to 
the opening, wherein the overburden/easing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 1 20. The system of claim 3 1 05/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3 
the opening, wherein a packin 
casing and the opening. / 

3122. The system of claim pi 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. w 7 herein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



1/05. further comprising an overburden casing coupled to 
material is disposed at a junction of the overburden 
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3 1 23. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation ; wherein a packing material is disposed atla junction of the overburden casing 
and the opening, and wherein the packing materiaLcomprises cement. 

3 1 24. The system of claim 3 1 05, wherein the/system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 
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3 125. A system configurable to heat a Hydrocarbon containing formation, comprising: 
at least one elongated member /onfigurable to be disposed in an opening in the 

formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable toybe disposed in the opening, wherein the conduit is 
further configurable to provideyan oxidizing fluid from the oxidizing fluid source to a 
reaction zone in the formation/ during use, and wherein the system is configurable to 
allow the oxidizing fluid to dxidize at least some hydrocarbons at the reaction zone 
during use such that heat is /generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the refaction zone to a pyrolysis zone of the formation during use. 

3 126. The system of cyaim 3 1 25, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zonje such that the oxidizing fluid is transported through the reaction 



zone substantially by 



diffusion. 



3127. The system 
the orifices are config 



oflclaim 3125, wherein the conduit comprises orifices, and wherein 
urable to provide the oxidizing fluid into the opening. 



30 



3128. The system of claim 3125, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate o? oxidation in the formation is controlled. 
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3 129. The system of claim 3125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



3 1 30. The svstem of claim 3 1 25. wherein the conduit is further configurable to remove 
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an oxidation product. 



/ 



3131. The system of claim 3425. wherein the conduit is further configurable to remove 
an oxidation product such pnat the j4idation product transfers heat to the oxidizing fluid. 

3 1 32. The system of ofaim 3 125, wherein the conduit is further configurable to remove 
an oxidation productJand wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equayto a flow rate of the oxidation product in the conduit. 



3 133. The system of claim 3 125. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



O 
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3 1 34. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3135. Thes; 
from flowing 



stem of claim 3125, wherein the oxidizing fluid is substantially inhibited 
into portions of the formation beyond the reaction zone. 



3 136. The si*stem of claim 3 125, further comprising a center conduit disposed within 
the conduit, therein center conduit is configurable to provide the oxidizing fluid into the 
opening durinjg use, and wherein the conduit is further configurable to remove an 
30 oxidation product during use. 
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3 137. The system of claim 3125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

/ 

3 138. The system of claim 3 125,/further comprising an overburden casing coupled to 
the opening, wherein the overbu/den casing is disposed in an overburden of the 
formation. 



10 



3 139. The system of claim 3125. further comprising an overburden casing coupled to 
the opening, wherein the /overburden casing is disposed in an overburden of the 
formation, and whereiiythe overburden casing comprises steel. 
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3140. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, where/n the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3141. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3 142. The system of claim 3125. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3143. The 
the opening, 
formation, 
and the 



system of claim 3125, further comprising an overburden casing coupled to 
wherein the overburden casing is disposed in an overburden of the 
herein a packing material is disposed at a junction of the overburden casing 
opening, and wherein the packing material comprises cement. 



30 



725 



Conlev, Rose & Tayon. PX\ 



3 1 44. The system of claim 3125, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some Iwdrocarbons in the pyrolysis zone. 

3145. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion or the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fuiid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3 1 46. The method of claiiry 3 145. further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3147. The method of claim 3145. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3148. The method of claim 3145. further comprising controlling a flow of the oxidizing 
fluid with critical flow o 'ifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3 149. The method of c aim 3 145. further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3 1 50. The method of claim 3145. wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

3151. The method of claim 3 1 45. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation pcoduct from the formation through 
the conduit. / 

3 1 52. The method of claim 3 1 45, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. / 

3 1 53. The method of claim 3 145. whe/ein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidationmroduct in the conduit. 

3154. The method of claim 3 1 45/ wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

3155. The method of claim/3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3 1 56. The method of cWm 3 1 45, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 
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3157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed wythin the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3 158. The method of claim 3 145, wherein the/portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 159. The method of claim 3 145, further Comprising removing water from the formation 
prior to heating the portion. 

3 160. The method of claim 3 145, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation, 

3161. The method of claim 3145, nirther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3 162. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3163. The method of claim b 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3 164. The method of claim 3 145, further comprising coupling an overburden casing to 



the opening, wherein a pa< 
casing and the opening. 



king material is disposed at a junction of the overburden 
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3165. The method of claim 3145, wherein the pyrolysi^ zone is substantially adjacent to 
the reaction zone. 



3 166. A system configured to heat a hydrocarbon containing formation, comprising: 

a heat exchanger disposed external to the formation, wherein the heat exchanger 
is configured to heat an oxidizing fluid during uso^ 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
during use. wherein the system is configured p allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use. and wherein the 
oxidizing fluid is selected to oxidize at leas/ some hydrocarbons at a reaction zone in the 
formation during use such that heat is generated at the reaction zone; and 

wherein the system is configured io allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3 1 67. The system of claim 3 1 66, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that thj& oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 168. The system of claim 3 1 66 ; /wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 169. The system of claim 3 1 66. w T herein the conduit comprises critical flow orifices, 
and wherein the critical flow ; orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidati/on in the formation is controlled. 



3 170. The system of claim 2*166. wherein the conduit is further configured to be cooled 
with the oxidizing fluid such/that the conduit is not substantially heated by oxidation. 



3171. The system of claim 
oxidation product. 



1 66. wherein the conduit is further configured to remove an 
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3 1 72. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

3 1 73. The system of claim 3 1 66. wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the/oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidat/on product in the conduit. 

3 1 74. The system of claim 3 166, wherein th/conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3 1 75. The system of claim 3 1 66. wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3 1 76. The system of claim 3 1 66, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3 1 77. The system of claim 3 1 6^6, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. and wherein the conduit is further configured to remove an 
oxidation product during use. 



3178. The system of claim 3166, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 1 79. The system of claim (3 1 66. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. ^ 
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3 1 80. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises/steel. 

3181. The system of claim 3 1 66. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is farther disposed in cement. 

3 1 82. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3 1 83. The system of claim 3 1 66, further/comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening ana the overburden casing during use. 

3 1 84. • The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the /packing material comprises cement. 

3185. A system configurable td heat a hydrocarbon containing formation, comprising: 
a heat exchanger configurable to be disposed external to the formation, wherein 

the heat exchanger is further configurable to heat an oxidizing fluid during use; 

a conduit configurable tD be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the heated oxidizing fluid to at least the portion of the formation 
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during use. and wherein the system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of me formation during use. 

3 1 86. The system of claim 3185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid p transported through the reaction 
zone substantially by diffusion. 

3 1 87. The system of claim 3185, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3 1 88. The system of claim 3185, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 1 89. The system of claim 3185, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such thai/the conduit is not substantially heated by 
oxidation. 

3 190. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product. 

3191. The system of claim 3185, ^herein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3 192. The system of claim 3 1 85/ wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rale of the oxidation product in the conduit. 
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3193. The system of claim 3185. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxklizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are Controlled to reduce contamination of 
the oxidation product by. the oxidizing fluid. 

3 1 94. The system of claim 3 1 85. wherein tHe conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3 195. The system of claim 3 1 85, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 96. The system of claim 3 1 85/further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. and whereip the second conduit is further configurable to remove an 
oxidation product during use. 

3197. The system of claim 3185. wherein the portion of the formation extends radially 
from the opening a width ouless than approximately 0.2 m. 

3 1 98. The system of claim 3185. further comprising an overburden casing coupled to 
the opening, wherein the pverburden casing is disposed in an overburden of the 
formation. 



3199. The system of cl 
the opening, wherein the 
formation, and wherein 



im 3 185, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
the overburden casing comprises steel. 



3200. The system of cl aim 3 1 85. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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3201 . The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a idnction of the overburden 
casing and the opening. / 

3202. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3203. The system of claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is (disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3204. An in situ method for heating a/hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion or the formation with an oxidizing fluid, wherein 
heating comprises: / 

heating the oxidizing fluid with a heat exchanger, wherein the heat exchanger is 
disposed external to the formation;/ 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 
formation; and / 

allowing heat to transfer from the heated oxidizing fluid to the portion of the 
formation; / 

providing the oxidizing ffluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate he it at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pvrolvsis zone in the forma ion. 

\ 
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3205. The method of claim 3204, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3206. The method of claim 3204. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



10 



3207. The method of claim 3204. further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit dispose^ in the opening such that a rate of 
oxidation is controlled. 
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3208. The method of claim 3204. further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3209. The method of claim 3204, wherein £ conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3210. The method of claim 3204, wherdin a conduit is disposed within the opening, the 
method further comprising removing an jbxidation product from the formation through 
the conduit. 



25 



30 



321 1. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat fromjthe oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3212. The method of claim 3204, w 
method further comprising removing 



lerein a conduit is disposed within the opening, the 
an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid ih the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



3213. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between thtf oxidizing fluid and the oxidation 
product in the conduit to reduce contamination 0/ the oxidation product by the oxidizing 
fluid. 

3214. The method of claim 3204. wherein a/conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the/oxidation product from flowing into portions 
of the formation beyond the reaction zone/ 

3215. The method of claim 3204. further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3216. The method of claim 3204, wmerein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product thrcJugh the outer conduit. 



321 7. The method of claim 3204/ wherein the portion of the formation extends radially 
from the opening a width of less man approximately 0.2 m. 



3218. The method of claim 320 
prior to heating the portion. 



2(4 



32 1 9. The method of claim 3 
formation to substantially inhibit 



further comprising removing water from the formation 



, further comprising controlling the temperature of the 
3roduction of oxides of nitrogen during oxidation. 
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3220. The method of claim 3204. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed jnan overburden of the 
formation. 



3221 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3222. The method of claim 3204. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing as disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3223. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein a packing materiayis disposed at a junction of the overburden 
casing and the opening. 

3224. The method of claim 3204. wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3225. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portioi) of the formation with an oxidizing fluid, wherein 
heating comprises: 

oxidizing a fuel gas in a heater, wherein the heater is disposed external to the 
formation; 

providing the oxidized fuk 



and 



1 gas from the heater to the portion of the formation; 
rom the oxidized fuel gas to the portion of the 



allowing heat to transfer 
formation: 

providing the oxidizing flbid to a reaction zone in the formation; 
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allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone! and 

transferring the generated heat substantially/by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3226. The method of claim 3225, further con^rising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3228. The method of claim 3225, furttter comprising controlling a flow 7 of the oxidizing 
fluid with critical flow orifices of a copduit disposed in the opening such that a rate of 
oxidation is controlled. 

3229. The method of claim 3225, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3230. The method of claim 3225. wherein a conduit is disposed in the opening, the 
method further comprising cool/ng the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



323 1 . The method of claim 3225. wherein a conduit is disposed within the opening, the 
method further comprising reipoving an oxidation product from the formation through 
the conduit. 

3232. The method of claim ;>225. wherein a conduit is disposed within the opening, the 
method further comprising re noving an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit.! 
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3233. The method of claim 3225, wherein a con/uit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizirig fluid in the conduit is approximately 
equal to a flow rate of the oxidation product/in the/conduit. 

3234. The method of claim 3225, where/n a conduit is disposed within the opening, the 
method further comprising removing an/oxidation product from the formation through 
the conduit and controlling a pressure Between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

3235. The method of claim 3225/wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3236. The method of claim 3E25, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3237. The method of claim 3 22 5 , wherein a center conduit is disposed within an outer 
conduit, and wherein the otMer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3238. The method of claim 3225. wherein the portion of the formation extends radially- 
from the opening a width )f less than approximately 0.2 m. 

3239. The method of cla m 3225, further comprising removing water from the formation 
prior to heating the portio i. 
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3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides/of nitrogen during oxidation. 

3241 . The method of claim 3225. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3242. The method of claim 3225. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3243. The method of claim 3225, further/comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein a packing mateijial is disposed at a junction of the overburden 
casing and the opening. 



3245. The method of claim 3225, ^herein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3246. A system configured to he.at a hydrocarbon containing formation, comprising: 

an insulated conductor disfposed within an open wellbore in the formation, 
wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during use; and 

wherein the system is cor figured to allow heat to transfer from the insulated 

'the formation during use. 



conductor to a selected section oi 



V 
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3247. The system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical^urrent to the insulated conductor 
during use. 

3248. The system of claim 3246. further comprising a support member, wherein the 
support member is configured to support ttte insulated conductor. 



10 



3249. The system of claim 3246. further comprising a support member and a centralizer. 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configurecyto maintain a location of the insulated conductor on 
the support member. 
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3250. The system of claim 324y, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 

325 1 . The system of claim 3E46. further comprising a lead-in conductor coupled to the 
insulated conductor, whereiiy the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3252. * The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor, wheijein the lead-in conductor comprises a rubber insulated 
conductor. 



25 



3253. The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3254. The system of c 
insulated conductor wi 



aim 3246. further comprising a lead-in conductor coupled to the 
it|h a cold pin transition conductor. 
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3255. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3256. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. / 

3257. The system of claim 3246, wnerein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. / 

3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insuyating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the aopper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim/3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically ipsulating material, wherein the conductor comprises a copper- 
nickel alloy,' and wherein uie copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a the mally conductive material. 

3261. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrical y insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 
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3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 

disposed in an electrically insulating material, wher^i the electrically insulating material 

/ 1 

comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim 3246, wherein tlie insulated conductor comprises a conductor 
disposed in an electrically insulating maternal, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 

3265. The system of claim 324fl 5 wherein the insulated conductor comprises a conductor 
disposed in an electrically insulalting material, and wherein the electrically insulating 
material is disposed in a sheath/ and wherein the sheath comprises a corrosion-resistant 
material. 

3266. The systemof claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 



3267. The system of claim 
conductors, wherein the ins 
are configured in a 3 -phase 



3246, further comprising two additional insulated 
ilated conductor and the two additional insulated conductors 
configuration. 



3268. The system of claimB246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
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support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3269. The system of claim 3246. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3270. The system of claim 3246, wherein the insulated conductor is configured to 
generate radiant heat of approximately/500 W/m to approximately 1 150 W/m during use. 

3271 . The system of claim 3246, fwther comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the open wellbore 
during use. 

3272. The system of claim 324ft, further comprising a support member configured to 
support the insulated conductor./ wherein the support member comprises critical flow 
orifices configured to provide a/substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



3273. The system of claim 3 
conductor, wherein the tube i 
wellbore during use. 



3274. The system of claim 
conductor, wherein the tube c 
substantially constant amount 
wellbore during use. 



3246 



46. further comprising a tube coupled to the insulated 
configured to provide a flow of fluid into the open 



further comprising a tube coupled to the insulated 
omprises critical flow orifices configured to provide a 
of fluid flow through the support member into the open 
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3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casii)g is disposed in an overburden of the 
formation. 

3276. The system of claim 3246. further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3277. The system of claim 3246, farther comprising an overburden casing coupled to 
10 the open wellbore. wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3278. The system of claim 3246/ further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 

15 formation, and wherein a packii/g material is disposed at a junction of the overburden 
casing and the open wellbore. 



3279. The system of claim 3E46, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
20 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 
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3280. The system of clain: 3246, further comprising an overburden casing coupled to 



the open wellbore. wherein 



the overburden casing is disposed in an overburden of the 



formation, wherein a packing material is disposed at a junction of the overburden casing 



and the open wellbore, anc 



3281 . The system of clain 
the open wellbore, whereir 
formation, the system 



wherein the packing material comprises cement. 



3246, further comprising an overburden casing coupled to 
the overburden casing is disposed in an overburden of the 
further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is>conligured to couple to the lead-in 
conductor. / 1 

3282. The system of claim 3246. wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze/at least some of the hydrocarbons in the 
selected section. / 

3283. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor configurable to be disposed within an open wellbore in the 

formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. / 

3285. The system of claim 3283. Further comprising a support member, wherein the 
support member is configurable to/support the insulated conductor. 

3286. The system of claim 3283Jfurther comprising a support member and a centralizes 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configu *able to maintain a location of the insulated conductor 
on the support member. 

3287. The system of claim 3283. wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 
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3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor con/|3rises a low resistance conductor 
configurable to generate substantially no heat. / - 

3289. The system of claim 3283. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. / 

3290. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3291 . The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3292. The system of claim 3283, furmer comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially flow resistance insulated conductor. 

3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. / 

3294. The system of claim 328$, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 

3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 
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3296. The system of claim. 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein, the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel'by 
weight to approximately 6 % nickel by weight., 

3297. The system of claim 3283. wherein tne insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3298. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating/material, and wherein the electrically insulating 
material comprises magnesium oxiae. ' 

3299. The system of claim 3283/ wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, anp wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 



3300. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 



3301 . The system of claim 
disposed in an electrically iiisulatin 
comprises magnesium oxide 
and wherein the grain partic 
magnesium oxide. 



3302. The system of claim 
disposed in an electrically in: 



3283. wherein the insulated conductor comprises a conductor 
g material, wherein the electrically insulating material 
wherein the magnesium oxide comprises grain particles, 
es are configurable to occupy porous spaces within the 



3283. wherein the insulated conductor comprises a conductor 
ulating material, and wherein the electrically insulating 
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material is disposed in a sheath, and wherein the sherfth comprises a corrosion-resistant 
material. / j 

3303. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material/and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3304. The system of claim 3283, furthey comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3-phase Y configuration. 

3305. The system of claim 3283. fiirther comprising an additional insulated conductor, 
wherein the insulated conductor ana the additional insulated conductor are coupled to a 
support member, and wherein the msulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 

3306. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, arid wherein /the insulated conductor and the additional insulated 
conductor are configurable in/a parallel electrical configuration. 

3307. The system of claim G283. wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3308. The system of claini 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fli id flow through the support member into the open wellbore 
during use. 

3309. The system of clair i 3283 5 further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
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orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



3310. The system of claim 3283. further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the open 
wellbore during use. 



3311. The system of claim 3283. further comprising a tube coupled to the first insulated 
conductor, wherein the tube comprises cynical flow orifices configurable to provide a 
substantially constant amount of fluid f/ow through the support member into the open 
wellbore during use. 

33 12. The system of claim 3283, farther comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 

3313. The system of claim 328&, further comprising an overburden casing coupled to 
the open wellbore, wherein the /overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3314. The system of claim J283. further comprising an overburden casing coupled to 
the open wellbore. wherein trie overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3315. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore. whereim the overburden casing is disposed in an overburden of the 



formation, and wherein a 



tacking material is disposed at a junction of the overburden 



casing and the open wellbpre. 

3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at adjunction of the overburden casing 
and the open wellbore, and wherein the packing malarial is configurable to substantially 
inhibit a flow of fluid between the open wellbore /nd the overburden casing during use. 

331 7. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 

3318. The system of claim 3283, farmer comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to tne insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the onp sealing flange is configurable to couple to the lead-in 
conductor. 



3319. The system of claim 3286. wherein the system is further configured to transfer 
heat such that the transferred hejat can pyrolyze at least some hydrocarbons in the selected 



section. 



3320. An in situ method for 

applying an electrical durrent 

at least a portion of the formation, 

open wellbore in the formation 
allowing the radiant 

section of the formation. 



heat 



3321. The method of claim 3: 
on a support member. 



heating a hydrocarbon containing formation, comprising: 
to an insulated conductor to provide radiant heat to 
., wherein the insulated conductor is disposed within an 
and 

to transfer from the insulated conductor to a selected 



20, further comprising supporting the insulated conductor 
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3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
member with a centralizer. 



3323. The method of claim 3320. wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore/and wherein the three insulated 
conductors are electrically coupled in a 3-phase k configuration. 

3324. The method of claim 3320, wherein aji additional insulated conductor is disposed 
within the open wellbore. 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein tl^4 insulated conductor and the additional 
insulated conductor are electrically couriled in a series configuration. 

3326. The method of claim 3320. wh'erein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 

3327. The method of claim 3320, iwherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3328. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 



3320 



3329. The method of claim 
conductor disposed in an electrically 
comprises a copper-nickel alloy 
approximately 7 % nickel by wei 



. wherein the insulated conductor comprises a 
insulating material, wherein the conductor 
and wherein the copper-nickel alloy comprises 
ght to approximately 12 % nickel by weight. 
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3330. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material! wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3331. The method of claim 3320, wherein tMe insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesiumyoxide. 

3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

3333. The method of claim 3320/ wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 

3334. The method of claim 3 J20, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises /magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein tne grain particles are configured to occupy porous spaces 
within the magnesium oxide] 

3335. The method of clain 
conductor disposed in an eL 
is disposed in a sheath, and 



3320, wherein the insulated conductor comprises a 
Metrically insulating material, wherein the insulating material 
wherein the sheath comprises a corrosion-resistant material. 
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3336. The method of claim 3320. wherein the insulated ebncluctor comprises a 
conductor disposed in an electrically insulating material^wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3337. The method of claim 3320. further comprising supporting the insulated conductor 
on a support member and flowing a fluid into tjae open wellbore through an orifice in the 
support member. 

3338. The method of claim 3320. furtheri:omprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 

3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated pnductor. the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

3340. The method of claim 332y, wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a jfluid into the open wellbore through critical flow orifices 
in the tube. 



3341 . The method of claim 3620, further comprising supporting the insulated conductor 



on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 



3342. The method of claim 



3320, wherein a perforated tube is disposed in the open 



wellbore proximate to the insulated conductor, the method further comprising flowing a 



corrosion inhibiting fluid intc 



the open wellbore through the perforated tube. 
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3343. The method of claim 3320. further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. / \ 

3344. The method of claim 3320. further comprising monitoring a leakage current of the 
insulated conductor. 

3345. The method of claim 3320. furthei/comprising monitoring the applied electrical 
current. 

3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
insulated conductor. 

3347. The method of claim 3320. Anther comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



3348. The method of claim 3320.lfurther comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3349. The method of claim 332C 
conductor to the insulated conductor 



. further comprising electrically coupling a lead-in 
using a cold pin transition conductor. 



3350. The method of claim 332|, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 



3351 . The method of claim 3320> f further comprising coupling an overburden casing to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation. 
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3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3353. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casinfg is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing materials disposed at a junction of the overburden 
casing and the open wellbore. 



3355. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 



the open wellbore and the overburden c 



3356. . The method of claim 3320, further 
formation to pyrolyze at least some hyd 



comprising heating at least the portion of the 
ocarbons within the formation. 



sing with a packing material. 



3357. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to Ian insulated conductor to provide heat to at least 

a portion of the formation, wherein the i isulated conductor is disposed within an opening 

in the formation; and 

allowing the heat to transfer frorqthe insulated conductor to a section of the 

formation. 



3358. The method of claim 1 , further comprising supporting the insulated conductor on 
a support member. 



756 



Conley. Rose & Tayon, P C. 



3359. The method of claim 1, further comprising supporting the insulated conductor on 
a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. 



09 



10 



3360. The method of claim 1 , wherein the insulatedyconductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 

3361 . The method of claim 1 , wherein an additional insulated conductor is disposed 
within the opening. 



-a — 



3362. The method of claim 1 , wherein an additional insulated conductor is disposed 
1 5 within the opening, and wherein the insulated conductor and the additional insulated 

conductor are electrically coupled in a series configuration. 

3363. The method of claim 1 , wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 

20 conductor are electrically coupled in a parallel configuration. 



3364. The method of claim 1. wherein the provided heat comprises approximately 500 
W/m to approximately 1 150 W/m. 

25 3365. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating ma:erial, and wherein the conductor comprises a 
copper-nickel alloy. 



3366. The method of claim L wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
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nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by- 
weight to approximately 12 % nickel by weight. 

3367. The method of claim L wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 



3368. The method of claim 1. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, ^nd wherein the electrically insulating 
material comprises magnesium oxide. 

3369. The method of claim 1 . wherein the/insulated conductor comprises a conductor 
disposed in an electrically insulating maternal, wherein the electrically insulating material 
comprises magnesium oxide, and whereii/the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3370. The method of claim 1. whereiry the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide aiid magnesium oxide. 



3371 . The method of claim 1 s when 
disposed in an electrically insulating 
comprises magnesium oxide, wherein 
and wherein the grain particles are c 
masnesium oxide. 



n the insulated conductor comprises a conductor 
naterial. wherein the electrically insulating material 
the magnesium oxide comprises grain particles, 
configured to occupy porous spaces within the 



disposed in an electrically insulating 



3372. The method of claim 1 . wherein the insulated conductor comprises a conductor 



aterial. wherein the insulating material is disposed 



in a sheath, and wherein the sheath comprises a corrosion-resistant material. 
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3373. The method of claim 1. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, whereiiyxhe insulating material is disposed 
in a sheath, and wherein the sheath comprises stainless steel. 

3374. The method of claim 1. further comprising supporting the insulated conductor on 
a support member and flowing a fluid into theyopening through an orifice in the support 
member. 

3375. The method of claim 1. further comprising supporting the insulated conductor on 
a support member and flowing a substantially constant amount of fluid into the opening 
through critical flow orifices in the support member. 



3376. The method of claim 1, wherejn a perforated tube is disposed in the opening 
proximate to the insulated conductor./the method further comprising flowing a fluid into 

; 

the opening through the perforated tiibe. 



3377. The method of claim L whyein a tube is disposed in the opening proximate to the 
insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening thrpugh critical flow orifices in the tube. 



3378. The method of claim 1 s 
a support member and flowing a 
orifice in the support member. 



further comprising supporting the insulated conductor on 
corrosion inhibiting fluid into the opening through an 



3379. The method of claim 1. wherein a perforated tube is disposed in the opening 
proximate to the insulated conducted, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



3380. The method of claim 1 . further comprising determining a temperature distribution 
in the insulated conductor using an electromagnetic signal provided to the insulated 
conductor. 
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3381 . The method of claim 1, further comprising monitoring a leakage current of the 
insulated conductor. 



3382. The method of claim 1. further comprising monitoring the applied electrical 
current. 

3383. The method of claim 1 . further comprising monitoring a voltage applied to the 
insulated conductor. 

3384. The method of claim 1 5 further composing monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3385. The method of claim 1. further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3386. The method of claim 1. further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of claim 1. further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor corpprises a substantially low resistance insulated 
conductor. 

3388. The method of claim L further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation. 



3389. The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburdenlcasing is disposed in an overburden of the formation, 
and wherein the overburden casing comprises steel. 
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3390. The method of claim 1, further comprising coupl^Vn overburden casing to the 
opening, wherein the overburden casing is disposed ij/an overburden of the formation, 
and wherein the overburden casing is further disposed in cement. 

3391 . The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein a packing material is disposed a junction of the overburden casing and the 
opening. 

3392. The method of claim 1. further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the method further composes inhibiting a flow of fluid between the opening 
and the overburden casing with a packing material. 

3393. The method of claim 1 5 further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 



3394. A system configured to hiat a hydrocarbon containing formation, comprising: 

an insulated conductor disposed within an opening in the formation, wherein the 

to provide heat to at least a portion of the formation 
conductor comprises a copper-nickel alloy, and wherein 
s approximately 7 % nickel by weight to approximately 



insulated conductor is configure 
during use, wherein the insulate 
the copper-nickel alloy compris 



conductor to a selected section o 

3395. The system of claim 339 
to generate heat during applicatk 
during use. 



12 % nickel by weight; and 

wherein the system is configured to allow heat to transfer from the insulated 



the formation during use. 

5 wherein the insulated conductor is further configured 
n of an electrical current to the insulated conductor 
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3396. The system of claim 3394, further comprising support member, wherein the 
support member is configured to support the insulated conductor. 



3397. The system of claim 3394, further comprising a support member and a centralizes 
wherein the support member is configured to/support the insulated conductor, and 
wherein the centralizer is configured to majmain a location of the insulated conductor on 
the support member. 

3398. The system of claim 3394, whe/ein the opening comprises a diameter of at least 
approximately 5 cm. 

3399. The system of claim 3394, flirther comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lefad-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein ti/e lead-in conductor comprises a rubber insulated 
conductor. 



3401 . The system of claim 3394. further comprising a lead-in conductor coupled to the 
insulated conductor, whereinfthe lead-in conductor comprises a copper wire. 



3402. The system of claim 
insulated conductor with a 



3394, further comprising a lead-in conductor coupled to the 
cpld pin transition conductor. 



3403. The system of claim 
insulated conductor with a 
conductor comprises a subst; 



394, further comprising a lead-in conductor coupled to the 
cbld pin transition conductor, wherein the cold pin transition 
tiallv low resistance insulated conductor. 
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3404. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. / 



3405. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the Electrically insulating material comprises 
magnesium oxide. 

3406. The system of claim 3394, wherein rfie copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3407. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3408. The system of claim 3394f. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 



3409. The system of claim 3694, wherein the copper-nickel alloy is disposed in an 



electrically insulatine materi 



a sheath, and wherein the sheath comprises a corrosion-resistant material. 



3410. The system of claim 
electrically insulating material 
a sheath, and wherein the sh 



1, wherein the electrically insulating material is disposed in 



394, wherein the copper-nickel alloy is disposed in an 
, wherein the electrically insulating material is disposed in 
ath comprises stainless steel. 
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341 1. The system of claim 3394. further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. / 

3412. The system of claim 3394. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3413. The system of claim 3394. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3414. The system of claim 3394. wherein tne insulated conductor is configured to 
generate, radiant heat of approximately 500AV/m to approximately 1 150 W/m during use. 

3415. The system of claim 3394. further /comprising a support member configured to 
support the insulated conductor, wherein Ahe support member comprises orifices 
configured to provide fluid flow through/the support member into the opening during use. 

3416. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, whereip the support member comprises critical flow 
orifices configured to provide a substar tially constant amount of fluid flow through the 
support member into the opening during use. 

3417. The system of claim 3394. furtier comprising a tube coupled to the insulated 
conductor, wherein the tube is configu*ed to provide a flow of fluid into the opening 
during use. 



764 



Conley. Rose & Tayon. P C 



3418. The system of claim 3394, further comprising a tube'coupled to the insulated 
conductor wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the/support member into the opening 
during use. 

3419. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is di/posed in an overburden of the 
formation. 

3420. The system of claim 3394 ? further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

342 1 . The system of claim 3394. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 

3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden /casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3423. The system of claim 3394. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



and the opening, and wherein the 
flow of fluid between the opening 



3424. The system of claim 3394 
the opening, wherein the overburden 



sacking material is configured to substantially inhibit a 
and the overburden casing during use. 



further comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



/ 



/ 



3425. The system of claim 3394 : further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, the system further comprising a Wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insiuated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one seajing flange is configured to couple to the lead-in 
conductor. 

3426. The system of claim 3394. wherein the system is further configured to transfer 
heat such that the transferred heat jean pyrolyze at least some hydrocarbons in the selected 
section. 

3427. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor /configurable to be disposed within an opening in the 

formation, wherein the insulated conductor is further configurable to provide heat to at 
least a portion of the formation during use. wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system /is configurable to allow heat to transfer from the insulated 
conductor to a selected seotion of the formation durins use. 



3428. The system of claim 342 7, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 



during use. 

3429. The system of cla 
support member is confi 



m.3427 r further comprising a support member, wherein the 
figjurable to support the insulated conductor. 
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3430. The system of claim 3427, further comprising a support member and a centralizes 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a locatioyr of the insulated conductor 
on the support member. 

343 1 . The system of claim 342 7. wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no he 

3433. The system of claim 3427. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-jn conductor comprises a rubber insulated 
conductor. 

3434. The system of claim 3427, /urther comprising a lead-in conductor coupled to the 
insulated conductor, wherein the Ifead-in conductor comprises a copper wire. 

3435. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cpld pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermallv conductive material. 
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3438. The system of claim 3427. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insujaffng material comprises 
magnesium oxide. 



3439. The system of claim 3427. wherein the copper-^nckef alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium o^ide comprises a thickness of at least 
approximately 1 mm. 



3440. The system of claim 3427. wherein me copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3441 . The system of claim 3427. wnerein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

3442. The system of claim 1427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sneath comprises a corrosion-resistant material. 

3443. The system of claim 3427. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein tMe sheath comprises stainless steel. 



3444. The system of claim 3427, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 



are configurable in a 2 



-phase Y configuration. 
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3445. The system of claim 3427. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulateci conductor are coupled to a 
support member, and wherein the insulated conductor and^the additional insulated 
conductor are configurable in a series electrical configuration. 

3446. The system of claim 3427. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional/insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electricsfl configuration. 

3447. The system of claim 3427. wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 AV/m to approximately 1 150 W/m during use. 

3448. The system of claim 3427. furthey comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. / 

3449. The system of claim 3427. further comprising a support member configurable to 
support the insulated conductor, wMerein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening /during use. 

3450. The system of claim 342/7. further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the opening 
during use. I 

345 1 . The system of claim 3427. further comprising a tube coupled to the insulated 
conductor, wherein the tube ccmprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow- through the support member into the opening 
during use. 

\ 
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3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is (disposed in an overburden of the 
formation. 

3453. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing comprises steel. 

3454. The system of claim 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3455. The system of claim 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3456. The system of clai^i 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between/the opening and the overburden casing during use. 



3457. The system of 
the opening, wherein 
formation, wherein a 
and the opening, and 



rlaim 3427. further comprising an overburden casing coupled to 
^he overburden casing is disposed in an overburden of the 
racking material is disposed at a junction of the overburden casing 
vherein the packing material comprises cement. 



3458. The system of claim 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, whereinythe wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
5 conductor. / 



10 



U 15 



a 



20 



3459. The system of claim 3427, where/n the system is further configured to transfer 
heat such that the transferred heat can p/rolyze at least some hydrocarbons in the selected 
section. 

3460. An in situ method for heatinsf a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide heat to at least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation, and wherein the/insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. 

3461 . The method of claim ^460. further comprising supporting the insulated conductor 
on a support member. 



25 



30 



3462. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizes 



3463. The method 
additional insulated 
conductors are disposed w 
are electrically coupled in 



of claifri 3460. wherein the insulated conductor is coupled to two 
conductors, wherein the insulated conductor and the two insulated 
ithin the opening, and wherein the three insulated conductors 
a -3-phase Y configuration. 
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3464. The method of claim 3460. wherein an additional insulated conductor is disposed 
within the opening. 

3465. The method of claim 3460, wherein an/additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3467. The method of claim 34p0, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3468. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating piaterial, and wherein the electrically insulating material comprises 
magnesium oxide. 

3470. The method/of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide,/ and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 



3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. . 
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3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium o>nde comprises grain particles, and wherein 
the grain particles are configured to occupyporous spaces within the magnesium oxide. 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises I corrosion-resistant material. 

3474. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating materia/ wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. 

3475. The method of cla/m 3460, further comprising supporting the insulated conductor 
on a support member an^f flowing a fluid into the opening through an orifice in the 
support member. 



3476. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 



3477. The methoc 
proximate to the i 
the opening through 



of claim 3460, wherein a perforated tube is disposed in the opening 
insulated conductor, the method further comprising flowing a fluid into 
the perforated tube. 



3478. The method 
the insulated 
amount a fluid into 



of claim 3460, wherein a tube is disposed in the opening proximate to 
conductor, the method further comprising flowing a substantially constant 
he opening through critical flow orifices in the tube. 
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3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inciting fluid into the opening through an 
orifice in the support member. 



3480. The method of claim 3460. wherein k perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through line perforated tube. 

3481 . The method of claim 3460, further comprising determining a temperature 
distribution in the insulated conducto/ using an electromagnetic signal provided to the 
insulated conductor. 

3482. The method of claim 346y, further comprising monitoring a leakage current of the 
insulated conductor. 

3483. The method of claim 3^60 ; further comprising monitoring the applied electrical 
current. 

3484. The method of clairry3460 ; further comprising monitoring a voltage applied to the 
insulated conductor. 



3485. The method of claifri 
insulated conductor with a(t 



3486. The method of claim 
conductor to the insulatec 
resistance conductor conf i 



conductor to the insulated' 



3460, further comprising monitoring a temperature in the 
least one thermocouple. 



3460. further comprising electrically coupling a lead-in 
conductor, wherein the lead-in conductor comprises a low 
gured to generate substantially no heat. 



3487. The method of claim 3 4 60 5 further comprising electrically coupling a lead-in 



conductor using a cold pin transition conductor. 
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3488. The method of claim 3460. further comprising/electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. / ^ 



3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing' is disposed in an overburden of the 
formation. 

3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3493. The method of claim/3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overbuiden casing with a packing material. 

3494. The method of claim 3460, further comprising heating at least the portion of the 
formation to substantially plrolyze at least some hydrocarbons within the formation. 



3495. A system configuredlto heat a hydrocarbon containing formation, comprising: 
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at least three insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are eWtrically coupled in a 3 -phase Y 
configuration, and wherein at least the three insulated conductors are configured to 
provide heat to at least a portion of the formation/during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 

3496. The system of claim 3495. wherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 

3497. The system of claim 3495. further comprising a support member, wherein the 
support member is configured to support at least the three insulated conductors. 

3498. The system of claim 3495/further comprising a support member and a centralizes 
w r herein the support member is configured to support at least the three insulated 
conductors, and wherein the cenxralizer is configured to maintain a location of at least the 
three insulated conductors on tMe support member. 

3499.. The system of claim 3&95 } wherein the opening comprises a diameter of at least 
approximately 5 cm. ■ 



3500. The system of claim 
coupled to at least the three 
conductor comprises a low 
heat. 



3501. The system of claim 
coupled to at least the three 



3495. further comprising at least one lead-in conductor 
nsulated conductors, wherein at least the one lead-in 
resistance conductor configured to generate substantially no 



495. further comprising at least one lead-in conductor 
sulated conductors, wherein at least the one lead-in 



conductor comprises a rubber insulated conductor. 
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3502. The system of claim 3495, further comprising at lea^t one lead-in conductor 
coupled to at least the three insulated conductors, whereip at least the one lead-in 
conductor comprises a copper wire. / f 

3503. The system of claim 3495. further comprising at leastjone lead-in conductor 
coupled to at least the three insulated conductors \yith a cold pin transition conductor. 

3504. The system of claim 3495, further comp/ising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3505. The system of claim 3495. wherei/i at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an/electrically insulating material, and wherein the 
conductor comprises a copper-nickdl alloy. 



3507. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 



conductor comprises a copper-nic 
comprises approximately 7 % nic 



3508. The system of claim 3495 
comprise a conductor disposed in 



eel alloy, and wherein the copper-nickel alloy 

el by weight to approximately 12 % nickel by weight. 



wherein at least the three insulated conductors 
an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 
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3509. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating^ material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



3510. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 

3511. The system of claim 3495, wherein at least the three insulated conductors, 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at leapt approximately 1 mm. 

3512. The system of claim 3495/wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the* 
electrically insulating material/comprises aluminum oxide and magnesium oxide. 

3513. The system of claim/3495, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 

3514. The system of ilaim 3495, wherein at least the three insulated conductors 
comprise a conductor/disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant inaterial. 



3515. The svstem c 



f claim 3495, wherein at least the three insulated conductors 



comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 



stainless steel. 



3516. The system of claim 3495, wherein at leatft the three insulated conductors are 
configured to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 



10 



3517. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid fjow through the support member into the opening 
during use. 



15 



3518. The system of claim 3493; further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configurer to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 



20 



3519. The system of claimp495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the 
opening during use. 



25 



3520. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 



30 



3521 . The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in ar^verburden of the 
formation, and wherein the overburden casing comprises steel. 

3523. The system of claim 3495. further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is/further disposed in cement. 



m 

u 
i . i 



3524. The system of claim 3495, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing materia/ is disposed at a junction of the overburden 
casing and the opening. 

3525. The system of claim 3495, furnier comprising an overburden casing coupled to 
15 the opening, wherein the overburdery casing is disposed in an overburden of the 

formation, wherein a packing maternal is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



Q 20 3526. The system of claim 349/>, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein tne packing material comprises cement. 

25 3527. The system of claim 3^ 95, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor couph d to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

30 flange, and wherein at least the[one sealing flange is configured to couple to the lead-in 
conductor. 
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3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. / 

3529. A system configurable to heat a hydro/arbon containing formation, comprising: 
at least three insulated conductors cc/nfigurable to be disposed within an opening 

in the formation, wherein at least the thre/ insulated conductors are electrically coupled 
in a 3-phase Y configuration, and wherein at least the three insulated conductors are 
further configurable to provide heat to/at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 

3530. The system of claim 3539, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three insulated conductor/ during use. 

3531. The system of clai: 
support member is configj 

3532. The system of claim 3529, further comprising a support member and a centralizes 
wherein the support member is configurable to support at least the three insulated 
conductors, and whereip the centralizer is configurable to maintain a location of at least 
the three insulated con iuctors on the support member. 

3533. The system of claim 3529, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3534. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 



3529, further comprising a support member, wherein the 
Arable to support at least the three insulated conductors. 
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conductor comprises a low resistance conductor configurable to generate substantially no 
heat. / / 

3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, whprein at least the one lead-in 
conductor comprises a rubber insulated conductor. / 

3536. The system of claim 3529. further composing at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. / 

3537. The system of claim 3529, further ^comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulateci conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. / 

3539. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposea in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

3540. The system of clair 
comprise a conductor disp* 
conductor comprises a con 

3541 . The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor dis )osed in an electrically insulating material wherein the 
conductor comprises a ccpper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel bv weight. 

\ 
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/3529, wherein at least the three insulated conductors 
j(sed in an electrically insulating material, and wherein the 
3er-nickel alloy. 



3542. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherem the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3543. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises A thermally conductive material. 

3544. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in aryelectrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 

3545. The system of claim 352$, wherein at least the three insulated conductors 
comprise a conductor disposednn an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness ©f at least approximately 1 mm. 

3546. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disnpsed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium ©xide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 

3548. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor c^sposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 



3549. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electricaLly insulating material, and wherein the 
electrically insulating material is disposed irya sheath, and wherein the sheath comprises 
stainless steel. 

3550. The system of claim 3529, wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. 

3551. The system of claim 3529, fiurther comprising a support member configurable to 
support at least the three insulated Conductors, wherein the support member comprises 
orifices configurable to provide fljaid flow through the support member into the opening 
during use. 



3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 



critical flow orifices configura 



through the support member into the opening during use. 



3553. The system of claim 3 
insulated conductors, whereir 
opening during use. 



3529 



insulated conductors, wherein 
provide a substantially consta 
the opening during use. 



)le to provide a substantially constant amount of fluid flow 



, further comprising a tube coupled to at least the three 
the tube is configurable to provide a flow of fluid into the 



3554. The system of claim 3529, further comprising a tube coupled to at least the three 



the tube comprises critical flow orifices configurable to 
t amount of fluid flow through the support member into 
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3555. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation. 



A 



\ 



3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing Comprises steel. 

3557. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 

3558. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing/material is disposed at a junction of the overburden 
casing and the opening. 

3559. . The system of claim 3^29, further comprising an overburden casing coupled to 
the opening, wherein the oveipurden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the/opening and the overburden casing during use. 



3560. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wh:rein the packing material comprises cement. 

3561 . The system of claim 3529, further comprising an overburden casing coupled to 



the opening, wherein the 
formation, the system fu 



overburden casing is disposed in an overburden of the 
her comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is copfilgurable to couple to the lead-in 
conductor. 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyroly^e at least some hydrocarbons in the selected 
section. 

3563. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to at least three insulated conductors to provide heat 

to at least a portion of the formationJwherein at least the three insulated conductors are 
disposed within an opening in the formation; and 

allowing the heat to transf/r from at least the three insulated conductors to a 
selected section of the formatior 

3564. The method of claim 31563, further comprising supporting at least the three 
insulated conductors on a support member. 

3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on tne support member with a centralizer. 

3566. The method of claim 3563. wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3567. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 
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3568. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating; material, wherein the 
conductor comprises a copper-nickel alloy, and wherem the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 



10 



3569. The method of claim 3563, wherein at/least the three insulated conductors 
comprise a conductor disposed in an electri/ally insulating material, wherein the 
conductor comprises a copper-nickel alio/ and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by/weight to approximately 6 % nickel by weight. 

3570. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 



y 
o 



Si § 



15 3571. The method of claim 3363, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

20 3572. The method of claam 3563, wherein at least the three insulated conductors 

comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



25 



3573. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 



electrically insulating 
oxide comprises grain 



naterial comprises magnesium oxide, wherein the magnesium 
particles, and wherein the grain particles are configured to occupy 



porous spaces within ihe magnesium oxide 



3574. The method onclaim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
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insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. A 

/ 
/ 

/ 

3575. The method of claim 3563, wherein at least/fhe three insulated conductors 
comprise a conductor disposed in an electrically Insulating material, wherein the 
insulating material is disposed in a sheath, and/wherein the sheath comprises stainless 
steel. 

3576. The method of claim 3563, furthe/ comprising supporting at least the three 
insulated conductors on a support memper and flowing a fluid into the opening through 
an orifice in the support member. 

3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in the support member. 

3578. The method of claim 3563. wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a fluid into the opening through the perforated tube. 



3579. The method of clai 
at least the three insulated 
substantially constant amoUnt 
tube. 



3563, wherein a tube is disposed in the opening proximate to 
cbnductors, the method further comprising flowing a 

a fluid into the opening through critical flow orifices in the 



laim 



3580. The method of c 
insulated conductors on a 
the opening through an ori 



3563, further comprising supporting at least the three 
support member and flowing a corrosion inhibiting fluid into 
ice in the support member. 
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3581. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 



3582. The method of claim 3563. further comprising determining a temperature 
distribution in at least the three insulated conductor/ using an electromagnetic signal 
provided to the insulated conductor. 



10 



3583. The method of claim 3563, further comprising monitoring a leakage current of at 
least the three insulated conductors. 



. — 

U 
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3584. The method of claim 3563, further Comprising monitoring the applied electrical 
current. 

3585. The method of claim 3563, further comprising monitoring a voltage applied to at 
least the three insulated conductors. 

3586. The method of claim 3563, further comprising monitoring a temperature in at 
least the three insulated conductors w|th at least one thermocouple. 

3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 



comprises a low resistance conductor 



3588. The method of claim 3563, ffurther 
conductor to at least the three insuldted 



3589. The method of claim 3563, further 
conductor to at least the three insulated 
wherein the cold pin transition conductor 
insulated conductor. 



configured to generate substantially no heat. 



comprising electrically coupling a lead-in 
conductors using a cold pin transition conductor. 



comprising electrically coupling a lead-in 
conductors using a cold pin transition conductor, 
comprises a substantially low resistance 



\ 
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3590. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispose^'m an overburden of the 
formation. 



3591. The method of claim 3563, farther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3592. The method of claim 3563, farther/comprising coupling an overburden casing to 
the opening, wherein the overburden casmg is disposed in an overburden of the 
formation, and wherein the overburden basing is further disposed in cement. 

3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing ^naterial is disposed at a junction of the overburden 
casing and the opening. 



3594. The method of claim 3563. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3595. The method of clain 
formation to substantially p^rol 
formation. 



3563, further comprising heating at least the portion of the 
yze at least some of the hydrocarbons within the 



3596. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 
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wherein the system is configured to allow heat 16 transfer from the first conductor 
to a section of the formation during use. 



3597. The system of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claim 3596. wherein the first conductor comprises a pipe. 

3599. The system of claim 3596. wtterein the first conductor comprises stainless steel. 

3600. The system of claim 3596,/wherein the first conduit comprises stainless steel. 

3601 . The system of claim 35y6, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 

3602. The system of claim 6596, further comprising a centralizer configured to maintain 
a location of the first condi^ctor within the first conduit, wherein the centralizer comprises 
ceramic material. 

3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material and stainless steel. 



3604. The system of plaim 3596, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3605. The system of claim 
first conductor, wheriin 
configured to generat 



3596, further comprising a lead-in conductor coupled to the 
the lead-in conductor comprises a low resistance conductor 
substantially no heat. 
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3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor. 



m 



O 
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3608. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3609. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit, and where/n the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor and the first conduit. 

3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configured to generate lpss heat than the first conductor or the second conductor during 
use. 



3611. The system ofjclaim 
a second section, wherein 
second section such 
first section of the cohduit 
along the second sect 



3612. The system of 
conduit, wherein the 
substantially inhibit 



3596, wherein the first conduit comprises a first section and 
a thickness of the first section is greater than a thickness of the 
heat radiated from the first conductor to the section along the 
it is less than heat radiated from the first conductor to the section 
ion of the conduit. 



claim 3596, further comprising a fluid disposed within the first 
uid is configured to maintain a pressure within the first conduit to 
brmation of the first conduit during use. 
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3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit. 



3614. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the/thermally conductive fluid comprises 
helium. / 

3615. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 

3616. The system of claim 359©, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the firsyconduit and the opening to substantially inhibit deformation 
of the first conduit during use. 

36 1 7. The system of claim 3596, wherein the first conductor is further configured to 
generate radiant heat of/approximately 650 W/m to approximately 1650 W/m during use. 

361 8. The system of/claim 3596, further comprising a second conductor disposed within 
a second conduit and/a third conductor disposed within a third conduit, wherein first 
conduit, the second aonduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor,! and wherein the first, second, and third conductors are configured to 
operate in a 3-phase Y configuration during use. 

3619. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, w ierein the second conductor is electrically coupled to the first 
conductor to form 4n electrical circuit. 
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3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 

362 1 . The system of claim 3596, further corn^rising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3622. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3623. The system of claim 3596,/further comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3624. The system of claim 3396, further comprising an overburden casing coupled to 
the opening, wherein the oveyburden casing is disposed in an overburden of the 
formation, and wherein a paaking material is disposed at a junction of the overburden 
casing and the opening. / 

3625. The system of claini 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a pack ng material is disposed at a junction of the overburden casing 
and the opening, and wheiein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3626. The system of cla: m 3596, further comprising an overburden casing coupled to 
the opening and a substar tially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 
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3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially lq^' resistance conductor comprises carbon 
steel. 



3628. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 

3629. The system of claim 3596, wherein the heated section of the formation is 
substantially pyrolyzed. 



3630. A system configurable to neat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within an opening in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and 

wherein the system is configurable to allow heat to transfer from the first 
conductor to a section of the formation during use. 

363 1 . The system of claim 3 530, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3632. The system of claim 3630, wherein the first conductor comprises a pipe. 

3633. The system of claim 3630, wherein the first conductor comprises stainless steel. 



3634. The system of claim 3630. wherein the first conduit comprises stainless steel. 
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3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first copduit. 

3636. The system of claim 3630, further comprisin^^n/ralizer configurable to 
maintain a location of the first conductor within th^r first conduit, wherein the centralizer 
comprises ceramic material. / 

3637. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material and stainless/steel. 

3638. The system of claim 3630, wtferein the opening comprises a diameter of at least 
approximately 5 cm. / 

3639. The system of claim 363y, further comprising a lead-in conductor coupled to the 
first conductor, wherein the leaa-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3640. The system of claim 5630, further comprising a lead-in conductor coupled to the 
first conductor, wherein thef lead-in conductor comprises copper. 

3641 . The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor. 

3642. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3643. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

/ 

3644. The system of claim 3630, further comprising' a second conductor disposed within 
5 the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the orie sliding electrical connector is 
configurable to generate less heat than the firs/ conductor or the second conductor during 
use. 

10 3645. The system of claim 3630. wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
6? first section of the conduit is less than heat radiated from the first conductor to the section 

.JO I 

"IT*" / 

along the second section of the conduit. 

a 15 / 

j« 3646. The system of claim 3630, further comprising a fluid disposed within the first 

JL=i conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 

«JF to substantially inhibit deformation of the first conduit during use. 

m 

20 3647. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit. 

/ 

3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first/conduit, wherein the thermally conductive fluid comprises 

25 helium. 

3649. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 

conduit during use. 



30 



conductor and the first 



v 
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3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening/to substantially inhibit deformation 
of the first conduit during use. 

365 1 . The system of claim 3630, wherein the fi/st conductor is further configurable to 
generate radiant heat of approximately 650 W/ch to approximately 1650 W/m during use. 

3652. The system of claim 3630, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third aonduit are disposed in different openings, of the 
formation, wherein the first conductor isyelectrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configurable 
to operate in a 3 -phase Y configuration during use. 

3653. The system of claim 3630, fiirther comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

3654. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the sedond conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 

3655. The system of claim 36B0, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3656. The system of claim 3630, further comprising an overburden casing coupled to 



the opening, wherein the ovei 
formation, and wherein the ov 



burden casing is disposed in an overburden of the 
erburden casing comprises steel. 
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3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is furt^^disposed in cement. 

3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is exposed at a junction of the overburden 
casing and the opening. 

3659. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casmg is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3660. The system of claim 3630, itather comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially jlow resistance conductor is electrically coupled to the 
first conductor. 



3661 . The system of claim 36p0. further comprising an overburden casing coupled to 
the opening and a substantial!)} low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein ti e substantially low resistance conductor comprises carbon 
steel. 

3662. The system of claim 3 530, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. 
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3663. The system of claim 3630, wherein the he^red section of the formation is 
substantially pyrolyzed. 

3664. An in situ method for heating a hydp6carbon containing formation, comprising: 
applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the fir/t conductor is disposed in a first conduit, and 
wherein the first conduit is disposed w/thin an opening in the formation; and 

allowing the heat to transfer f/om the first conductor to a section of the formation. 

3665. The method of claim 3664, wherein the first conductor comprises a pipe. 

3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 36[64, wherein the first conduit comprises stainless steel. 



3668, The method of claim J664, further comprising maintaining a location of the first 



conductor in the first conduit 

3669. The method of claim 
conductor in the first conduit 
ceramic material. 



3670. The method of clain 
conductor in the first conduit 
ceramic material and staink ss 



with a centralizer. 

664, further comprising maintaining a location of the first 
with a centralizes wherein the centralizer comprises 



3664, further comprising maintaining a location of the first 
with a centralizer. wherein the centralizer comprises 
steel. 



3671. The method of clain l 3664, further comprising coupling a sliding electrical 
connector to the first conductor. 
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3672. The method of claim 3664, further comprising electrically coupling a sliding 

■ I • 

electrical connector to the first conductor and the fifst conduit, wherein the first conduit 
comprises an electrical lead configured to complet^ an electrical circuit with the first 
conductor. 



10 



3673. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor and the firstfconduit, wherein the first conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated heat comprises approximately 20 percent generated by the first 
conduit. 
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3674. The method of claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 



Ill 



20 



3676. The method of claim ^664, further comprising monitoring the applied electrical 
current. 

3677. The method of claifd 3664, further comprising monitoring a voltage applied to the 
first conductor. 



25 



3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one! thermocouple. 



3679. The method of c aim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



30 



801 



Conley, Rose & Tayon. P C. 



3680. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing coni^rises steel. 

368 1 . The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3682. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3683. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the memod further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3684. The method of claim/3664 ? further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 

3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbon steel. 

3686. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
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overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the methocUiirther comprises maintaining a 
location of the substantially low resistance conduct^ in the overburden casing with a 
centralizer support. 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein me lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3688. The method of claim 3664, tijfoher comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 

3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and tl/e formation to substantially inhibit deformation of the 
first conduit. 

3690. The method of clairj^ 3664, further comprising providing a thermally conductive 
fluid within the first condi/it. 

3691. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first coniiuit, wherein the thermally conductive fluid comprises helium. 



3692. The method of claim 3664, further comprising inhibiting arcing between the first 



conductor and the first 

3693. The method of 
opening using a perfoi 
control a pressure in 



3694. The method of 



conduit with a fluid disposed within the first conduit. 

claim 3664, further comprising removing a vapor from the 
ated tube disposed proximate to the first conduit in the opening to 
opening. 



the 



claim 3664, further comprising flowing a corrosion inhibiting fluid 



through a perforated tube disposed proximate to the first conduit in the opening. 
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3695. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically' coupled to the first conductor to 



form an electrical circuit. 



3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. 

3697. The method of claim 3664. wherein/a second conductor is disposed within a 
second conduit and a third conductor is disposed within a third conduit, wherein the 
second conduit and the third conduit are /disposed in different openings of the formation, 
wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, and third conductors are configured to operate 
in a 3-phase Y configuration. 

3698. The method of claim 3 664, /wherein a second conductor is disposed within the 
first conduit, wherein at least one sliding electrical connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical connector is le^s than heat generated by the first conductor or the second 
conductor. 



3699. The method of claim 3©64, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat iadiated from the first conductor to the section along the 
first section of the conduit is hss than heat radiated from the first conductor to the section 



along the second section of th 

3700. The method of claim 1 
an orifice in the first conduit. 



conduit. 



664, further comprising flowing an oxidizing fluid through 
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3701 . The method of claim 3664, further comprising disposing a perforated tube 
proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 

3702. The method of claim 3664, further comprising beating at least the portion of the 
formation to substantially pyrolyze at least some of me carbon within the formation. 

3703. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conquit, wherein the first conduit is disposed 
within a first opening in the formation; / 

a second conductor disposed in a se/ond conduit, wherein the second conduit is 
disposed within a second opening in the formation; 

a third conductor disposed in a tMird conduit, wherein the third conduit is disposed 
within a third opening in the formation/, wherein the first, second, and third conductors 
are electrically coupled in a 3 -phase x configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at least a portion of the formation 
during use; and / 

wherein the system is configured to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate neat during application of an electrical current to the first 
conductor. / 

3705. The system of claim 3703, wherein the first, second, and third conductors 
comprise a pipe. 

3706. The system of claim 3703, wherein the first, second, and third conductors 
comprise stainless steel. 

3707. The system of claim 3703, wherein the first, second, and third openings comprise 
a diameter of at least approx imately 5 cm. 



Conley, Rose & Tayon. P C. 



3708. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical conne/tor coupled to the third conductor. 



3709. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the fir^t sliding electrical connector is further 
coupled to the first conduit. 

3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 

3711. The system of claim 3703 Jrurther comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 

3712. The system of claim 3^03, wherein each of the first, second, and third conduits 
comprises a first section and/a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second Section of each of the conduits. 



3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conducts, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits durina use. 



3714. The system of 
disposed within the firfct 



laim 3703, further comprising a thermally conductive fluid 
second, and third conduits. 
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3715. The system of claim 3703, further comprising'a thermally conductive fluid 
disposed within the first, second, and third condujte, wherein the thermally conductive 
fluid comprises helium. 

3716. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. 

3717. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is Qonfigured to remove vapor produced from at least the 
heated portion of the formation^ such that a pressure balance is maintained between the 
first, second, and third condui/is and the first, second, and third openings to substantially 
inhibit deformation of the fitist, second, and third conduits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 



3719. The system of alaim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 



casing is disposed in 



an overburden of the formation. 



3720. The system o 
coupled to the first 
casing is disposed in 
overburden casing co 



claim 3703, further comprising at least one overburden casing 
second, and third openings, wherein at least the one overburden 
an overburden of the formation, and wherein at least the one 
mprises steel. 
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3721. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, \lvherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3722. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the/formation, and wherein a packing material is 
disposed at a junction of at least the one pverburden casing and the first, second, and third 
openings. 

3723. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and thira openings, wherein at least the one overburden 
casing is disposed in an overburderyof the formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configured to substantially inhibit a 
flow of fluid between the first, second, and third opening and at least the one overburden 
casing during use. 

3724. The system of claim 3*/03, wherein the heated section of the formation is 
substantially pyrolyzed. 



3725. A system configurable to heat a hydrocarbon containing formation, comprising: 



a first conductor con 
conduit is configurable to b<: 
a second conductor 



Igurable to be disposed in a first conduit, wherein the first 
disposed within a first opening in the formation; 
onfigurable to be disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor ccnfigurable to be disposed in a third conduit, wherein the third 
conduit is configurable to he disposed within a third opening in the formation, wherein 
the first, second, and third conductors are further configurable to be electrically coupled 
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in a 3-phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the system is configurable to aUfow heat to transfer from the first, second, 
and third conductors to a selected section of/ne formation during use. 

3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat during application of an electrical current to the first 
conductor. / 

3727. The system of claim 3725( wherein the first, second, and third conductors 
comprise a pipe. / 

3728. The system of claim J725, wherein the first, second, and third conductors 
comprise stainless steel. / 

3729. The system of claim 3725, wherein the first, second, and third opening comprise a 
diameter of at least approximately 5 cm. 

3730. The system of/claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor ana a third sliding electrical connector coupled to the third conductor. 

373 1 . The system/of claim 3725, further comprising a first sliding electrical connector 
coupled to the first] conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 

3732. The system of claim 3725, further comprising a second sliding electrical 
connector couplec to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 
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3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. / 

3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second sectipn, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to Xm section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 

3735. The system of claim 3725/ further comprising a fluid disposed within the first, 
second, and third conduits, wheyein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. / 

3736. The system of claim/3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 

3737. The system of claftn 3725, further comprising a thermally conductive fluid 
disposed within the first, /second, and third conduits, wherein the thermally conductive 
fluid comprises helium. / 

3738. The system of claim 3725. further comprising a fluid disposed within the first, 
second, and third condiits, wherein the fluid is configurable to substantially inhibit arcing 
between the first, secord, and third conductors and the first, second, and third conduits 
during use. 

3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the oneltube is configurable to remove vapor produced from at least the 
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heated portion of the formation such that a pressure balance is maintained between the 

first, second, and third conduits and the first, second, ancf third openings to substantially 

/ 1 

inhibit deformation of the first, second, and third conduits during use. 

3740. The system of claim 3725. wherein the first, second, and third conductors are 
further configurable to generate radiant heat o/approximately 650 W/m to approximately 
1650 W/m during use. 



J3MS, 
■ a** 

r 3 



U 



3741 . The system of claim 3725, furthei/comprising at least one overburden casing 
10 coupled to the first, second, and third openings, wherein at least the one overburden 

casing is disposed in an overburden oythe formation. 

3742. The system of claim 3725, fiurther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 

15 casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises ste'el. 



a 



20 



3743. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further/ disposed in cement. 



3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 

25 casing is disposed in an overburden of the formation, and wherein a packing material is 

disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 

3745. The system of claim 3725. further comprising at least one overburden casing 
30 coupled to the first, secomd, and third openings, wherein at least the one overburden 

casing is disposed in an overburden of the formation, wherein a packing material is 
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disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during use. 

3746. The system of claim 3725 ? wherein t^e heated section of the formation is 
substantially pyrolyzed. 

3747. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein tho^ first conductor is disposed in a first conduit, and 
wherein the first conduit is disposer within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit/is disposed within a second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wheyein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat to transfer from the first, second, and third conductors to a 
selected section of the formation. 



3748. The method of clahh 3747, wherein the first, second, and third conductors 
comprise a pipe. 

3749. The method of claijn 3747, wherein the first, second, and third conductors 
comprise stainless steel. 

3750. The method of claiijn 3747, wherein the first, second, and third conduits comprise 
stainless steel. 
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375 L The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3752. The method of claim 3747, further cocfiprising determining a temperature 
distribution in the first, second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 

3753. The method of claim 3747, further comprising monitoring the applied electrical 
current. / 

3754. The method of claim 3747, further comprising monitoring a voltage applied to the 
first second, and third conductors. 

3755. The method of claim 5747, further comprising monitoring a temperature in the 
first, second, and third conduits with at least one thermocouple. 

3756. The method of claim 3747. further comprising maintaining a sufficient pressure 
between the first, secondhand third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits, wherein the thermally conductive fluid 
comprises helium. 

3759. The method of claim 3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the firstl second, and third conduits. 
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3760. The method of claim 3747, further comprisin^removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. / 

3761. The method of claim 3747, wherein tl/e first, second, and third conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 
a thickness of the second section such thay heat radiated from the first, second, and third 
conductors to the section along the first section of the first, second, and third conduits is 
less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747 Jiirther comprising flowing an oxidizing fluid through 
an orifice in the first, second, andAhird conduits. 

3763. The method of claim 37A7, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3764. A system configured/to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a conduit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed in the conduit, wherein the second conductor is 
electrically coupled to the first conductor with a connector, and wherein the first and 
second conductors are configured to provide heat to at least a portion of the formation 
during use; and / 

wherein the system is configured to allow heat to transfer from the first and 
second conductors to ^ selected section of the formation during use. 

3765. The system o 
generate heat during 



claim 3764, wherein the first conductor is further configured to 
pplication of an electrical current to the first conductor. 



v 
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3766. The system of claim 3764, wherein the first and second conductors comprise a 
pipe. 



/ 



3767. The system of claim 3764, wherein the first and second conductors comprise 



stainless steel. 



/ 



3768. The system of claim 3764, wherem the conduit comprises stainless steel. 

3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

3770. The system of claim 3764( further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material. 

3771. The system of clairn 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 

3772. The system of </laim 3764, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3773. The system at claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 



3774. The system! of claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



3775. The system 
second section, wflerein 



of claim 3764, wherein the conduit comprises a first section and a 
in a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3776. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use 



10 



3777. The system of claim 3764, further/comprising a thermally conductive fluid 
disposed within the conduit. 



3778. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



fjj 15 3779. The system of claim 3764/ further comprising a fluid disposed within the conduit, 
'£2 wherein the fluid is configured t<p substantially inhibit arcing between the first and second 

* conductors and the conduit durtfig use. 



20 
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3780. The system of claim 3^64, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 



between the conduit and the 
during use. 



3781. The system of clain 
configured to generate radi&nt 
W/m during use. 



3782. The system of clairr 
the opening, wherein the ov 
formation. 



opening to substantially inhibit deformation of the conduit 



3764, wherein the first and second conductors are further 
heat of approximately 650 W/m to approximately 1650 



3764, further comprising an overburden casing coupled to 
rburden casing is disposed in an overburden of the 
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3783. The system of claim 3764, further comprising all overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3784. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3785. The system of claim 3764, furtKer comprising an overburden casing coupled to 
the opening, wherein the overburdenycasing is disposed in an overburden of the 
formation, and wherein a packing n/aterial is disposed at a junction of the overburden 
casing and the opening. 

3786. The system of claim 376A, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereinfthe packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3787. The system of clairrj 3764, wherein the heated section of the formation is 
substantially pyrolyzed. 



3788. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a conduit, wherein the conduit is 
configurable to be disposed within an opening in the formation; and 



a second conductc 
conductor is configurable 



r configurable to be disposed in the conduit, wherein the second 
to be electrically coupled to the first conductor with a 
connector, and wherein tHe first and second conductors are further configurable to 
provide heat to at least a portion of the formation during use; and 
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wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formati6n during use. 



3789. The system of claim 3788, wherein the ficst conductor is further configurable to 
generate heat during application of an electrica/current to the first conductor. 

3790. The system of claim 3788, wherein jne first and second conductors comprise a 
pipe. / 

3791. The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. / 

3792. The system of claim 3788, wherein the conduit comprises stainless steel. 

3793. The system of claim 3788( further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit. 

3794. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramii: material. 

3795. The system of claim 3788. further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3796. The system of clai ti 3788. wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3797. The system of cla m 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable tq generate substantially no heat. 
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3798. The system of claim 3788, further comprising a leadrin conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The system of claim 3788, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat racjiated from the first conductor to the section 
along the second section of the conduit. 



3800. The system of claim 3788, further comprising a fluid disposed within the conduit 

p wherein the fluid is configurable to ma^/tain a pressure within the conduit to substantially 

J? inhibit deformation of the conduit durjfng use. 

EF* 
* iT" 

H f 

j s 15 3801 . The system of claim 3788, further comprising a thermally conductive fluid 

Q disposed within the conduit. 



3802. The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

/ 

3803. The system of claim 3/788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 



25 3804. The system of claim! 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion ( f the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 



during use. 
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3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casins/is disposed in an overburden of the 
formation. 

3807. The system of claim 3788, furthfer comprising an overburden casing coupled to 
the opening, wherein the overburden easing is disposed in an overburden of the 
formation, and wherein the overburaen casing comprises steel. 

3808. The system of claim 3788/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3809. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3810. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wnerein the packing material is further configurable to substantially 
inhibit a flow of fluid Between the opening and the overburden casing during use. 



3811. The system of blaim 3788, wherein the heated section of the formation is 
substantially pyrolyzed. 



3812. An in situ method for heating a hydrocarbon containing formation, comprising: 
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applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within/an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and 

allowing heat to transfer from at le^st the two conductors to a selected section of 
the formation. 

3813. The method of claim 3812, wherein at least the two conductors comprise a pipe. 

3814. The method of claim 3812,/vherein at least the two conductors comprise stainless 
steel. 



E ■ 
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3815. The method of claim 38A2, wherein the conduit comprises stainless steel. 

3816. The method of claim J812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer. 



£3 5 
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3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the <pnduit with a centralizer, wherein the centralizer comprises 
ceramic material. 



25 
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3818. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer. wherein the centralizer comprises 
ceramic material and stainless steel. 



3819. The method of c 
650 W/m to approximai 



aim 3812, wherein the provided heat comprises approximately 
ely 1650 W/m. 



3820. The method of c 
distribution in the conduit 



aim 3812, further comprising determining a temperature 
using an electromagnetic signal provided to the conduit. 
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3821. The method of claim 3812, further comprising monitoring the applied electrical 
current. f 

3822. The method of claim 3812, further comprising monitoring a voltage applied to at 
least the two conductors. / 

3823. The method of claim 3812, further comprising monitoring a temperature in the 
conduit with at least one thermocouple/ 

3824. The method of claim 3812. fiurther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the ovepurden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein pe overburden casing is further disposed in cement. 

3827. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein tpe overburden casing is disposed in an overburden of the 
formation, and wherejfn a packing material is disposed at a junction of the overburden 
casing and the opening. 

3828. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wheiein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 
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3829. The method of claim 3812, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

/ 

3830. The method of claim 3812, further co/nprising providing a thermally conductive 
fluid within the conduit. 



383 1 . The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3832. The method of claim 3812. further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 

3833. The method of claim 3812,/further comprising removing a vapor from the 
opening using a perforated tube dysposed proximate to the conduit in the opening to 
control a pressure in the opening.^ 

3834. The method of claim 38/12, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3835. The method of claim 3812, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat! radiated from the first conductor to the section along the 
first section of the conduit isMess than heat radiated from the first conductor to the section 
along the second section of tihe conduit. 



3836. The method o f c lairr 
an orifice in the conduit. 



3812. further comprising flowing an oxidizing fluid through 



3837. The method of clainJ3812, further comprising disposing a perforated tube 
proximate to the conduit and! flowing an oxidizing fluid through the perforated tube. 



823 Conley. Rose & Tayon. PC 



3838. The method of claim 3812, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some o£.the carbon within the formation. 

3839. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one conductor disposed in a conduit, wherein the conduit is disposed 

within an opening in the formation, and wnerein at least the one conductor is configured 
to provide heat to at least a first portion oi the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use( and wherein heat provided by at least the one 
sliding connector is substantially less than the heat provided by at least the one conductor 
during use; and / 

wherein the system is configured to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 

3840. The system of claim 38B9, wherein at least the one conductor is further 
configured to generate heat during application of an electrical current to at least the one 
conductor. / 

3841 . The system of claim p 839, wherein at least the one conductor comprises a pipe. 

3842. The system of claim' 3839. wherein at least the one conductor comprises stainless 
steel. 

3843. The system of claim 3839, wherein the conduit comprises stainless steel. 

3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 
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3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 



comprises ceramic material. 



/ ; 



3846. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor withir/the conduit, wherein the centralizer 
comprises ceramic material and stainless ste 

3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein theflead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3849. The system of claim 3839/ further comprising a lead-in conductor coupled to at 
least the one conductor, wherein/the lead-in conductor comprises copper. 

3850. The system of claim 3859, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is /less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



385 1 . The system of claimp839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. 
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3853. The system of claim 3839, further comprising a^ermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially j^hibit arcing between at least the one 
conductor and the conduit during use. 

3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is/configured to remove vapor produced from at 



least the heated portion of the formation ^uch that a pressure balance is maintained 

/ 

between the conduit and the opening to ^Substantially inhibit deformation of the conduit 
during use. 



/ 

3856. The system of claim 3839, wl/erein at least the one conductor is further 
configured to generate radiant heat cjf approximately 650 W/m to approximately 1650 
W/m during use. / 



S 20 



3857. The system of claim 3839./ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 



25 



30 



3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3859. The system of claim 3p39, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3860. The system of claim 
the opening, wherein the 



3839, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 



casing and the opening. 



A 



/ 



3861 . The system of claim 3839, further comprising an/bverburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at/a junction of the overburden casing 
and the opening, and wherein the packing material/is further configured to substantially 
inhibit a flow of fluid between the opening and tne overburden casing during use. 



13 



10 3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 



n 



15 3863. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low/resistance conductor is electrically coupled to at 
least the one conductor, and whereiry the substantially low resistance conductor comprises 
carbon steel. 



20 



25 



3864. The system of claim 3 83 9 J further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 

3865. The system of claim 38^9, wherein the heated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a hydrocarbon containing formation, comprising: 
30 at least one conductor configurable to be disposed in a conduit, wherein the 

conduit is configurable to be disposed within an opening in the formation, and wherein at 
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least the one conductor is further configurable to provide heat to at least a first portion of 
the formation during use; >A 

at least one sliding connector, wherein at leas/the V>ne sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliding 
connector is further configurable to provide heat^auring use, and wherein heat provided 
by at least the one sliding connector is substantially less than the heat provided by at least 
the one conductor during use; and / 

wherein the system is configurable/to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 

3867. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate heat during application of an electrical current to at least the one 
conductor. / 

3868. The system of claim 3866, wherein at least the one conductor comprises a pipe. 

3869. The system of claim i866, wherein at least the one conductor comprises stainless 
steel. / 

3870. The system of claim 3866, wherein the conduit comprises stainless steel. 

3871 . The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 

3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location oflat least the one conductor within the conduit, wherein the 
centralizer comprises/ceramic material. 

3873. The system or claim 3866, further comprising a centralizer configurable to 
maintain a location off at least the one conductor within the conduit, wherein the 
centralizer compriseslceramic material and stainless steel. 
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3874. The system of claim 3866, wherein the opening comprises a diameter of at least 

/ 

approximately 5 cm. j % 

i 

3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-ir/ conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3876. The system of claim 3866, furtMer comprising a lead-in conductor coupled to at 
least the one conductor, wherein the Lead-in conductor comprises copper. 

3877. The system of claim 3866, /vherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3878. The system of claim 6866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the aonduit during use. 

3879. The system of claim 3866, further comprising, a thermally conductive fluid 
disposed within the conduit. 

3880. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3881 . The system of c aim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor and the condiuit during use. 
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3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3883. The system of claim 3866, wherein at leas/ the one conductor is further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3884. The system of claim 3866, further o6mprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3885. The system of claim 3866, father comprising an overburden casing coupled to 
the opening, wherein the overburdefi casing is disposed in an overburden of the 
formation, and wherein the overbi/rden casing comprises steel. 

3886. The system of claim 386fc, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3887. The system of claim i866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening 

3888. The system of clairfi 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburdeacasing during use. 

3889. The system of claim 3866. further comprising an/overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance cojarciuctor is electrically coupled to at 
least the one conductor. 

3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein tjae substantially low resistance conductor comprises 
carbon steel. 

3891 . The system of claim 3866/ further comprising an overburden casing coupled to 
the opening and a substantially Yow resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing^ 

3892. The system of claiijri 3866, wherein the heated section of the formation is 
substantially pyrolyzed. 



3893. An in situ method for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to at least one conductor and at least one sliding 
connector to provide Heat to at least a portion of the formation, wherein at least the one 
conductor and at least/ the one sliding connector are disposed within a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
provided by at least the one sliding connector; and 



allowing the 



leat to transfer from at least the one conductor and at least the one 



sliding connector to a section of the formation. 
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3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 

3895. The method of claim 3893. wherein at least the^ne conductor comprises stainless 
steel. 



3896. The method of claim 3893, wherein the ronduit comprises stainless steel. 

3897. The method of claim 3893. further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer. 

3898. The method of claim 3893, furtner comprising maintaining a location of at least 
the one conductor in the conduit with/a centralizes wherein the centralizer comprises 
ceramic material. 

3899. The method of claim 3893/ further comprising maintaining a location of at least 
the one conductor in the conduit /vith a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 

3900. The method of claim 3893, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 



3901 . The method of claim/3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, further comprising monitoring the applied electrical 
current. 

3903. The method of claim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 
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3904. The method of claim 3893, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

f \ 

3905. The method of claim 3893, further comprising^coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



10 



3906. The method of claim 3893, further co/nprising coupling an overburden casing to 
the opening, wherein the overburden casing/'is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



U 

□ 

III 

O 
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3907. The method of claim 3893, furtner comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3908. The method of claim 3893/ further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packiiyg material is disposed at a junction of the overburden 
casing and the opening. 

3909. The method of claim 3&93, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the rcphod further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3910. The method of claim 



overburden casing, and wher 
coupled to at least the one co 



3893, further comprising coupling an overburden casing to 



the opening, wherein a substmtially low resistance conductor is disposed within the 



in the substantially low resistance conductor is electrically 
ductor. 



30 
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3911. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low* resistance conductor is electrically 
coupled to at least the one conductor, and wherein the svAstantially low resistance 
conductor comprises carbon steel. / 

3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially Low resistance conductor is electrically 
coupled to at least the one conductor, and wMerein the method further comprises 
maintaining a location of the substantially /ow resistance conductor in the overburden 
casing with a centralizer support. / 

3913. The method of claim 3893, furtner comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low- 
resistance conductor configured to generate substantially no heat. 

3914. The method of claim 3893/further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 

391 5. The method of claim 3893, farther comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3916. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit. 

391 7. The method of claim 3 893, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3918. The method of claim 3893, further comprising inhibiting arcing between the 
conductor and the conduit witla a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to thejfconduit in the opening to 
control a pressure in the opening. / 

3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3921 . The method of claim 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. / 

3922. The method of claim 3893, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, further/comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3924. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member Disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of thp formation during use. 

3925. The system of claim 3924, wherein at least the one elongated member comprises 
stainless steel. 

3926. The system of claim 3924, wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. 

3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein thy support member comprises openings. 



3929. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the one elongated member during use. 



3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises opening/, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate, to at least the one 
elongated member during use. 



393 1 . The system of claim 3924j further comprising a centralizer coupled to at least the 
one elongated member, wherein tne centralizer is configured to electrically isolate at least 
the one elongated member. 



3932. The system of claim 392^ 
one elongated member and a support 
member, wherein the centralizer 
elongated member on the support 



, further comprising a centralizer coupled to at least the 

member coupled to at least the one elongated 
s configured to maintain a location of at least the one 
member. 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3934. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the leadyin conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein th^ lead-in conductor comprises a rubber 
insulated conductor. 

3936. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, whergtn the lead-in conductor comprises copper wire. 

3937. The system of claim 3924. fiirther comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 



3938. The system of claim 3924( further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 39 24, wherein at least the one elongated member is arranged 
in a series electrical configurat on. 

3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

3941. The system of claim 3924, wherein at least the one elongated member is 
configured to generate radiant fyeat of approximately 650 W/m to approximately 1650 
W/m during use. 
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3942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. 

3943. The system of claim 3924, further comp/ising an overburden casing coupled to 
the opening, wherein the overburden casing is/aisposed in an overburden of the 
formation. 

3944. The system of claim 3924, further Comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdei^casing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburdery casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924^urther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3947. The system of claim 3924, further comprising an overburden casing coupled to 



the opening, wherein the overl 
formation, wherein a packing 
and the opening, and wherein 



urden casing is disposed in an overburden of the 
naterial is disposed at a junction of the overburden casing 
the packing material comprises cement. 



the opening, wherein the over 
formation, wherein a packing 



3948. The system of claim 3 ?24, further comprising an overburden casing coupled to 



burden casing is disposed in an overburden of the 
naterial is disposed at a junction of the overburden casing 



v 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

A 

3949. The system of claim 3924, wherein the heated section of the formation is 
substantially pyrolyzed. 

3950. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable;™ allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

395 1 . The system of claim 3950, wherein at least the one elongated member comprises 
stainless steel. 

3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 



3953. The system of claim 395Q, further comprising a support member coupled to at 
least the one elongated member Jwherein the support member is configurable to support 
at least the one elongated memqer. 



3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated membe \ wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 

3955. The system of claim 3S 50. further comprising a support member coupled to at 
least the one elongated member wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the j/ne elongated member during 
use. 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length of at least the one elongated/member during use, and wherein the 
fluid is configurable to substantially inhibit capon deposition on or proximate to at least 
the one elongated member during use. 

3957. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, furmer comprising a centralizer coupled to at least the 
one elongated member and a support/member coupled to at least the one elongated 
member, wherein the centralizer is configurable to maintain a location of at least the one 
elongated member on the support member. 



3959. The system of claim 3950,/ wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3960. The system of claim 3950, 
least the one elongated member, 
resistance conductor configurable 



3961. The system of claim 395 
least. the one elongated member, 
insulated conductor. 



, further comprising a lead-in conductor coupled to at 
wherein the lead-in conductor comprises a low 
to generate substantially no heat. 



further comprising a lead-in conductor coupled to at 
wherein the lead-in conductor comprises a rubber 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. The system of claim 3950. further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition/conductor. 

3964. The system of claim 3950, further comprisim/a lead-in conductor coupled to at 
least the one elongated member with a cold pin trai/sition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950. wherein at/least the one elongated member is arranged 
in a series electrical configuration. / 

3966. The system of claim 3950, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

3967. The system of claim 3950, vVherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the/one elongated member, wherein the perforated tube is 
configurable to remove vapor/from the opening to control a pressure in the opening 
during use. / 

3969. The system of claim/3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. | 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3971 . The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden c/sing is further disposed in cement. 

3972. The system of claim 3950, fisher comprising an overburden casing coupled to 
the opening, wherein the overburdoh casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3973. The system of claim $950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whetein the packing material comprises cement. 



3974. The system of cLaim 3950, further comprising an overburden casing coupled to 

the opening, wherein tne overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 

and the opening, and wherein the packing material is further configurable to substantially 

inhibit a flow of fluid/between the opening and the overburden casing during use. 
/ 



Jed. 



3975. The system qf claim 3950, wherein the heated section of the formation is 
substantially pyrolya 



3976. An in situ mjbthod 

applying an 
at least a portion 
within an opening d 



for heating a hydrocarbon containing formation, comprising: 
electrical current to at least one elongated member to provide heat to 
formation, wherein at least the one elongated member is disposed 
the formation; and 



. of the 
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allowing heat to transfer from at least the one elongated member to a section of 
the formation. /' s 

3977. The method of claim 3976, wherein at )6ast the one elongated member comprises 
a metal strip. / ^ 

3978. The method of claim 3976, wher^fn at least the one elongated member comprises 
a metal rod. 

3979. The method of claim 3976, wherein at least the one elongated member comprises 
stainless steel. 

3980. The method of claim 3976f, further comprising supporting at least the one 
elongated member on a center support member. 

398 1 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a cente^ support member, wherein the center support member 
comprises a tube. 



3982. The method of clairry 3976 5 further comprising electrically isolating at least the 
one elongated member withfa centralizer. 

3983. The method of claiih 3976. further comprising laterally spacing at least the one 
elongated member with a qentralizer. 



laim 



3984. The method of c 
one elongated member in i 



3976, further comprising electrically coupling at least the 
series configuration. 



3985. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in alparallel configuration. 
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3986. The method of claim 3976, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3987. The method of claim 3976, further -comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

/ \ 

3988. The method of claim 3976, furrier comprising monitoring the applied electrical 
current. 

3989. The method of claim 3976, further comprising monitoring a voltage applied to at 
least the one elongated member. 

3990. The method of claim 3976, further comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 

3991 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center /support member, wherein the center support member 



comprises openings, the meth< 
the openings to substantially 
elongated member. 



d further comprising flowing an oxidizing fluid through 
inhibit carbon deposition proximate to or on at least the one 



3992. The method of claim 
a tube disposed proximate to 
carbon deposition proximate 

3993. The method of claim 
an opening in at least the one 



976, further comprising flowing an oxidizing fluid through 
at least the one elongated member to substantially inhibit 
to or on at least the one elongated member. 

976, further comprising flowing an oxidizing fluid through 
elongated member to substantially inhibit carbon deposition 



proximate to or on at least the one elongated member. 
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3994. The 



method of claim 3976, further comprising electrically coupling a lead-in 



conductor to at least the one elongated member, wherein, the lead-in conductor comprises 



a low resistance 



conductor configured to generate substantially no heat. 



3995 The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member usjng a cold pin transition conductor. 

3996 The method of claim 3976, further comp/ising electrically coupling a lead-in 
conductor to at least the one elongated membe/using a cold pin transition conductor, 
wherein the cold pin transition conductor cor/prises a substantially low resistance 
insulated conductor. 

3997. The method of claim 3976, furthe/comprising coupling an overburden casing to 
the opening, wherein the overburden cas/ng is disposed in an overburden of the 

formation. 

3998. The method of claim 3976, fJther comprising coupling an overburden casing to 
the opening, wherein the overburden/casing comprises steel. 

3999. The method of claim 3976, JLrther comprising coupling an overburden casing to 
the opening, wherein the overburdeji casing is disposed in cement. 



4000. The method of claim 3976, 
the opening, wherein a packing m£ 
casing and the opening. 



400 1 . The method of claim 3976 
the opening, wherein a packing 
casing and the opening, and 
fluid between the opening and th 



further comprising coupling an overburden casing to 
terial is disposed at a junction of the overburden 



wheiein 



, further comprising coupling an overburden casing to 
aterial is disposed at a junction of the overburden 

the method further comprises inhibiting a flow of 
overburden casing with the packing material. 
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4002. The method of claim 3976. further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the,carbon within the formation. 

/ 

4003. A system configured to heat a hydrocarbon c/ntaining formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed within the opening/ wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configurecyto allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

4004. The system of claim 4003, wl/erein at least the one elongated member comprises 
stainless steel. 

4005. The system of claim 4003, /wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. 

4006. The system of claim 4063, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member. 



4007. The system of claim/4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member, and whferein the conduit comprises openings. 
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4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member fromjhe conduit. 



4009. The system of claim 4003, further comprising a Centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the conduit. 

40 1 0. The system of claim 4003, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

401 1. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low- 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, whergin the lead-in conductor comprises a rubber 
insulated conductor. 

4013. The system of claim 4003, farther comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4014. The system of claim 4003r, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4015. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



4016. The system of claim 4p03, wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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4017. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

401 8. The system of claim 4003, wherein at least the one elongated member is 
configured to generate radiant heat of approxir^ately^650 W/m to approximately 1650 
W/m during use. 

4019. The system of claim 4003 ; further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. 

4020. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden /casing is disposed in an overburden of the 
formation. 

4021. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbi/rden casing comprises steel. 

4022. The system of claim 40031 further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



4023. The system of claim 40Cp, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation, and wherein a pack 
casing and the opening. 



ng material is disposed at a junction of the overburden 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4025. The system of claim 4003, furtherycomprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4026. The system of claim 4003,Avherein the heated section of the formation is 
substantially pyrolyzed. / 

4027. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at leaser the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit carbon deposition on or proximate to at least the one elongated 
member during use; and / 

wherein the system is further configurable to allow heat to transfer from at least 
the one elongated member to a section of the formation during use. 

4028. The system of alaim 4027, wherein at least the one elongated member comprises 
stainless steel. 

\ 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

/ 1 

4030. The system of claim 4027. wherein/at least the one elongated member is coupled 
to the conduit wherein the conduit is further configurable to support at least the one 
elongated member. 

403 1 . The system of claim 4027, Wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit/is further configurable to support at least the one 
elongated member, and wherein me conduit comprises openings. 

4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member an/ the conduit, wherein the centralizer is configurable to 
maintain a location of a^east the one elongated member on the conduit. 

4034. The system of claim 4027, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

4035. The system of^claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low- 
resistance conductor configurable to generate substantially no heat. 



4036. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conducto 



V 



850 



Conley. Rose & Tayon. P C. 



4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



4038. The system of claim 4027, further comprising a lead-in conductor coupled to at 

/ • 

least the one elongated member with a co/d pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with af cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



4040. The system of claim 4027, /vherein at least the one elongated member is arranged 
in a series electrical configuration/ 

4041 . The system of claim 402tf, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

4042. The system of claim 4027, wherein at least the one elongated member is 
configurable to generate radiapt heat of approximately 650 W/m to approximately 1650 
W/m during use. 

4043. The system of claim |4027, further comprising a perforated tube disposed in the 
opening external to at least jhe one elongated member, wherein the perforated tube is 
configurable to remove vappr from the opening to control a pressure in the opening 
during use. 



4044. The system 
the opening, wherein the 
formation. 



of claim 4027, further comprising an overburden casing coupled to 
>verburden casing is disposed in an overburden of the 



V 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casina'comprises steel. 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden caspg is disposed in an overburden of the 
formation, and wherein the overburden basing is further disposed in cement. 

4047. The system of claim 4027, fuj/xher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing yiaterial is disposed at a junction of the overburden 
casing and the opening. 

4048. The system of claim 402/7, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein/the packing material comprises cement. 

4049. The system of claim/4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



4050. The system of cla|im 4027, wherein the heated section of the formation is 
substantially pyrolyzed. 

405 1. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an elecirical current to at least one elongated member to provide heat to 

at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated member to a section of 
the formation. / 

4052. The method of claim 405 1, wherein at least the one elongated member comprises 
a metal strip. / 

4053. The method of claim 405 1, wherein at least the one elongated member comprises 
a metal rod. / 

4054. The method of claim 40d 1 , wherein at least the one elongated member comprises 
stainless steel. / 

4055. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member. 

4056. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a/center support member, wherein the center support member 
comprises a tube. / 

4057. The method of claim 405 1 , further comprising electrically isolating at least the 
one elongated member with a centralizer. 

4058. The method pf claim 405 1 , further comprising laterally spacing at least the one 
elongated member with a centralizer. 

4059. The method of claim 405 L further comprising electrically coupling at least the 
one elongated member in a series configuration. 



853 



Conley. Rose & Tayon. P C. 



4060. The method of claim 405 1, further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 



4061 . The method of claim 405 1, wherein the provided heat comprises approximately 

/ i 

650 W/m to approximately 1650 W/m./ 



4062. The method of claim 405 1 . ^rther comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

4063. The method of claim ^051, further comprising monitoring the applied electrical 
current. 

4064. The method of cla/m 405 L further comprising monitoring a voltage applied to at 
least the one elongated member. 

4065. The method of claim 405 1. further comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 



4066. The method of claim 405 1, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprisesf flowing the oxidizing fluid through the openings in the center support 
member. 



4067. The method of claim 405 1, wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 



disposed in the opening proximate to at least the one elongated member. 



v 
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4068. The method of claim 405 1 f further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 

a low resistance conductor configured to generate substantially no heat. 

/ 

4069. The method of claim 405 1 . further comprising electrically coupling a lead-in 
conductor to at least the one elongated/member using a cold pin transition conductor. 

4070. The method of claim 405 1 , fiurther comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

4071. The method of claim 4d5 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

4072. The method of claim/405 1 . further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 



4073. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



4074. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, < 



4075. The method of 
the opening, wherein z 
casing and the opening, 
fluid between the ope 



:laim 4051, further comprising coupling an overburden casing to 
packing material is disposed at a junction of the overburden 
, and wherein the method further comprises inhibiting a flow of 
ing and the overburden casing with the packing material. 
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4076. The method of claim 405 1, further comprising heating at least the portion of the 

formation to substantially pyrolyze at least some Jfthe carbon within the formation. 

/ 

4077. An in situ method for heating a hydrocarbon containing formation, comprising: 
oxidizing a fuel fluid in a heater; / 

providing at least a portion of the oxidized fuel fluid into a conduit disposed in an 
opening of the formation; / 

allowing heat to transfer from the/oxidized fuel fluid to a section of the formation; 
and / 

allowing additional heat to transfer from an electric heater disposed in the opening 
to the section of the formation, wherein heat is allowed to transfer substantially uniformly 
along a length of the opening. / 

4078. The method of claim 407y, wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening 

4079. The method of claim 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening, the method further comprising removing an exhaust 
fluid through the opening. / 

4080. The method of claim 4077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

4081. The method of claim 4077, further comprising removing the oxidized fuel fluid 
through the conduit. / 

4082. The method of claim 4077, further comprising removing the oxidized fuel fluid 
through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 
conduit. 



4084. The method of claim 4077, wherein the electric heater is an insulated conductor. 

4085. The method of claim 4077, wljferein the electric heater is a conductor disposed in 
the conduit. 

4086. The method of claim 4077/ wherein the electric heater is an elongated conductive 
member. 

4087. The method of claim 4(/77, wherein the hydrocarbon containing formation 
comprises a coal containing formation. 

4088. The method of claim k077, wherein the hydrocarbon containing formation 
comprises an oil shale containing formation. 

4089. The method of claim 4077, wherein the hydrocarbon containing formation 
comprises a heavy oil andior tar containing permeable formation. 

4090. The method of claim 4077, wherein the hydrocarbon containing formation 
comprises a heavy oil and/or tar containing impermeable formation. 

4091. A system configured to heat a hydrocarbon containing formation, comprising: 
one or more heat sources disposed within one or more open wellbores in the 

formation, wherein the! one or more heat sources are configured to provide heat to at least 
a portion of the formation during use; and 



857 



Conley, Rose & Tayon. P C. 



wherein the system is configured to allow heat to transfer from the one or more 
heat sources to a selected section of the formation during use. 



/ 

/ 



4092. The system of claim 4091, wherein/the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



4093. The system of claim 4091, wherein the one or more heat sources comprise 
electrical heaters. 

4094. The system of claim 4091,/vherein the one or more heat sources comprise surface 
burners. 

4095. The system of claim 409fl, wherein the one or more heat sources comprise 
flameless distributed combustors. 

4096. The system of claim 4jD9 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 

4097. The system of claim/4091, wherein the one or more open wellbores comprise a 
diameter of at least approximately 5 cm. 

4098. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation. 

4099. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or mpre open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing comprises steel. 



\ 
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4100. The system of claim 409 L further comprising an overburden casing coupled to at 

; ... 
least one of the one or more open wellbores. wherein the overburden casing is disposed in 

an overburden of the formation, and wherein the .overburden casing is further disposed in 



cement. 



/ 



4101 . The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material is disposed at a junction 
of the overburden casing and the at /least one of the one or more open wellbores. 

4102. The system of claim 409 V, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material/ is configured to substantially inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 



4103. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or mare open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material comprises cement. 

4104. The system of cljaim 4091, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



4105. The system 
the one or more heat 
the selected section 



of ilaim 4091, further comprising a valve coupled to at least one of 
sources configured to control pressure within at least a majority of 
of khe formation. 
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4106. The system of claim 4091, further comprising a valve coupled to a production 
well configured to control a pressure within at least a majority of the selected section of 
the formation. 



i 



4107. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

formation, wherein the one or n^ore heat sources are disposed within one or more open 

wellbores in the formation; 

allowing the heat to tcknsfer from the one or more heat sources to a selected 

section of the formation; and 

producing a mixture from the formation. 



4108. The method of claim 4107, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at legist some hydrocarbons within the selected section of the 
formation. 



4109. The method of claim 4107, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range with a lower pyrolysis temperature of about 250 °C and an upper pyrolysis 
temperature of about 400 °C. 

4110. The method of claim 4107, wherein the one or more heat sources comprise 
electrical heaters. 



4111. The method of claim 4107, wherein the one or more heat sources comprise 
surface burners. 

4112. The meihod of claim 4107, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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4113. The method of claim 4107, wherein the one or more heat sources comprise natural 
distributed combustors. 

4114. The method of claim 4107, wherein the one or more heat sources are suspended 
within the one or more open wellboces. 

4115. The method of claim 41 OX wherein a tube is disposed in at least one of the one or 
more open wellbores proximate jo heat source, the method further comprising flowing a 
substantially constant amount Jfluid into at least one of the one or more open wellbores 
through critical flow orifices in the tube. 

4116. The method of claim/4107, wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. 

4117. The method of c\Am 4107, further comprising coupling an overburden casing to 
at least one of the one or/more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation. 

4118. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing comprise steel. 



4119. The method ouclaim 4107, further comprising coupling an overburden casing to 
at least one of the one! or more open wellbores, wherein the overburden casing is disposed 
in an overburden of tile formation, and wherein the overburden casing is further disposed 



in cement. 
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4120. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores. wherein the overburden casing is disposed 
in an overburden of the formation, and wherein /packing material is disposed at a 
junction of the overburden casing and the at least one of the one or more open wellbores. 



10 



4121. The method of claim 4 1 07, further Comprising coupling an overburden casing to 
at least one of the one or more open welleores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow of fluid between the at least one ©f the one or more open wellbores and the 
overburden casing with a packing material. 



m 

In 



£ 



4122. The method of claim 4107/further comprising heating at least the portion of the 
formation to substantially pyrolyae at least some of the carbon within the formation. 

15 4123. The method of claim 4107, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

20 4124. The method of claim/4107, further comprising controlling a pressure with the 
wellbore. 



25 



30 



4125. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the seleoted section of the formation with a valve coupled to at least 
one of the one or more heat sources. 



4126. The method of cl 
least a majority of the sel 
production well located h\ 



£ lm 



4107, further comprising controlling a pressure within at 
cted section of the formation with a valve coupled to a 
the formation. 



\ 
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4127. The method of claim 4107, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

4128. The method of claim 4107, wherein providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume { V) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(C v ), and 
wherein the heating pyrolyzes at leasysome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dav/provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the Equation: 
Pwr = h*V*C v *p B 

wherein Pwr. is the heatiiig energy/day, h is an average heating rate of the 
formation, ps is formation bull/ density, and wherein the heating rate is less than about 10 
°C/day. 

4129. The method of claim/4107, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 

41 30. The method of claim 4107, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



4131. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



4132. The method of <: 
hydrocarbons, and whe 



laim 4107, wherein the produced mixture comprises condensable 
ein about 0. 1 % by weight to about 1 5 % by weight of the 



condensable hydrocarbons are olefins. 
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4133. The method of claim 4107, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar .ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from/about 0.001 to about 0.15. 

/ 
/ 

4134. The method of claim 4107, Wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

4135. The method of claim 4V07, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4136. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is oxygen. 



4137. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, wherein/about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

4138. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



4139. The method 1 
hydrocarbons, and 
hydrocarbons are 



of claim 4107, wherein the produced mixture comprises condensable 
wherein greater than about 20 % by weight of the condensable 
aromatic compounds. 
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4140. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



4141. The method of claim 4 1 07, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than afyout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4142. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about y% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4143. The method of claim 4107, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
and wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

4144. The method of clainl 4107, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

4145. The method of claim 4107, wherein the produced mixture comprises ammonia, 
and wherein the ammonia/is used to produce fertilizer. 



4 1 46. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation. 

4147. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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4148. The method of claim 4107, further comprising controlling formation conditions 

/ 

such that the produced mixture comprises a partial/pressure of H2 within the mixture 
greater than about 0.5 bar. / j 

4149. The method of claim 4148, wherein/the partial pressure of H2 is measured when 
the mixture is at a production well. / 

4150. The method of claim 4107, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

4151. The method of claim 4107, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

4152. The method of claim 4 1 07, further comprising: 

providing hydrogen (HJ to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

4153. The method of claim/4107, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

4 1 54. The method of cla 
increasing a permeability 
millidarcy. 

4155. The method of cu 
substantially uniformly i 



4107, wherein allowing the heat to transfer comprises 
)f a majority of the selected section to greater than about 100 



aim 4107, wherein allowing the heat to transfer comprises 
icreasing a permeability of a majority of the selected section. 
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4156. The method of claim 4107, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

4157. The method of claim 4107. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein/at least about 7 heat sources are disposed in 
the formation for the production well. 

4158. The method of claim 4107, further Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a pnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4159. The method of claim 4107, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation id a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4160. The method of claim 4107, further comprising separating the produced mixture 
into a gas stream and a liquid strea 



4161. The method of claim 4107,1 further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream 



4162. The method of claim 410" 
method further comprising 
hydrocarbons. 



wherein the produced mixture comprises H2S, the 
separating a portion of the H2S from non-condensable 
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4163. The method of claim.4107 ? wherein the produced mixture comprises CCh, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. t 



1 



4164. The method of claim 4107, wherein th^mixture is produced from a production 
well, wherein the heating is controlled such tjiat the mixture can be produced from the 
formation as a vapor. 



4165. The method of claim 4107, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

4166. The method of claim 4107, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore. and further comprising heating the formation 
with the heater element to produce the mixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas component and H2. 

4167. The method of claim 4107, wherein the selected section is heated to a minimum 
pyrolysis temperature of about/270 °C. 

4168. The method of claim 4l07, further comprising maintaining the pressure within the 
formation above about 2.0 baf absolute to inhibit production of fluids having carbon 
numbers above 25. 



41 69. The method of claim 



4107. further comprising controlling pressure within the 



formation in a range from at out atmospheric pressure to about 100 bar. as measured at a 
wellhead of a production we 1, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, s nd wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 
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4 1 70. The method of claim 4 1 07, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce tme API gravity. 

4171. A mixture produced from a portion of a/hydrocarbon containing formation, the 
mixture comprising: 

an olefin content of less than about 10^o by weight; and 
an average carbon number less than about 35. 

4 1 72. The mixture of claim 4171, further c/omprising an average carbon number less 
than about 30. 

4173. The mixture of claim 4171, further Comprising an average carbon number less 
than about 25. 



4174. The mixture of claim 4171, further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 



through 4, to methane, in the mixture is 



greater than approximately 1 . 



4175. The mixture of claim 4171, furtl er comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, When calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, vfrherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. 
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4 1 76. The mixture of claim 4171, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

/ 

/ 

4177. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and whereiiythe olefin content of the 
condensable hydrocarbons is less than about 15 % by weight of the condensable 
hydrocarbons. 

4178. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein less than about 1 5 % by weight of the ^condensable hydrocarbons have a carbon 
number greater than about 25. 

4179. The condensable hydrocarbons of cyaim 4178, wherein less than about 1 % by 
weight, when calculated on an atomic basis, of the condensable hydrocarbons is nitrogen, 
wherein less than about 1 % by weight, Wnen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen, and wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4180. The mixture of claim 4177, farther comprising condensable hydrocarbons, 
wherein greater than about 20 % by jtveight of the condensable hydrocarbons are aromatic 
compounds. 



4181. The mixture of claim 4 1 7 1/ further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condenfsable hydrocarbons further comprise Ha, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
condensable hydrocarbons, comprising: 
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oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4182. The mixture of claim 4171, further comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprise^ hydrocarbons having a carbon number greater than 
about 25; 

wherein the condensable Hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2 ? wherein greater than about 15 % 
by weight of the non-coriaensable hydrocarbons comprises H2. 

4183. The mixture of/claim 4171, further comprising a condensable mixture, 
comprising: 

olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, /wherein less than about 0. 1 % by weight of the condensable mixture 
comprises asphalteiies. 

41 84. The condensable mixture of claim 4 1 83, further comprising, oxygenated 
hydrocarbons, wherein less than about 15 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons; 



4185. The mixture of claim 4171, further comprising a condensable mixture, 
comprising: 
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olefins, wherein about 0. 1 % by weight to about 2 % by weight of the 

condensable mixture comprises olefins; and * 

. • • / 

multi-ring aromatics, wherein less than ibout 2 % by weight of the condensable 

mixture comprises multi-ring aromatics with more than two rings. 

41 86. The condensable mixture of claim 41 84, further comprising oxygenated 
hydrocarbons, wherein greater than anout 25 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons. 

4187. The mixture of claim 41/71, further comprising: 

non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 
comprise H2, wherein greate/ than about 10 % by weight of the non-condensable 
hydrocarbons comprises \\4 

ammonia, wherein/greater than about 0.5 % by weight of the mixture comprises 
ammonia; and / 

hydrocarbons, wherein a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is greater than about 0.4. 

4188. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture, comprising:/ 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and I 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

4189. The mixtWe of claim 4175, further comprising condensable hydrocarbons, 
wherein about 0. 1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 

4190. The mixture of claim 4175, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4191. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

5 

4192. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight/when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygenJ 

10 4193. The mixture of claim 4175 Jfurther comprising condensable hydrocarbons, 

wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing coirypounds, and wherein the oxygen containing compounds 
comprise phenols. 



a 

m 



15 



20 



25 



4194. The mixture of claim 4/175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons isisulfur. 

4195. The mixture of claim 4175, further comprising condensable hydrocarbons, 



wherein greater than about 
compounds. 



10 % by weight of the condensable hydrocarbons are aromatic 



wherein less than about 5 
ring aromatics with more 



4196. The mixture of clai ti 4175, further comprising condensable hydrocarbons, 



% by weight of the condensable hydrocarbons comprises multi- 
lan two rings. 



4197. The mixture of cliim 
wherein less than about 0 
asphaltenes. 



4175, further comprising condensable hydrocarbons, 
3 % by weight of the condensable hydrocarbons are 
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4198. The mixture of claim 4175, further comprising condensable hydrocarbons, 

wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 

/ *' 

comprise cycloalkanes. / 

4199. The mixture of claim 4175, wherein ttie non-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen/is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydroca/bons. 

4200. The mixture of claim 4175, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4201. The mixture of claim 4175/ further comprising ammonia, wherein the. ammonia is 
used to produce fertilizer. / 

4202. The mixture of claim 41/75, further comprising condensable hydrocarbons, 
wherein less than about 15 weight % of the condensable hydrocarbons have a carbon 
number greater than approximately 25. 

4203. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein the condensable hyprocarbons comprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the/condensable hydrocarbons comprises olefins. 

4204. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight ov the condensable hydrocarbons comprises olefins. 

4205. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 
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4206. The mixture of claim 41 75, further comprising non-condensable hydrocarbons, 

; 

wherein the non-condensable hydrocarbons comprise H^, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 



4207. The mixture of claim 4175, further/comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable/ lydrocarbons comprises H2. 



4208. The mixture of claim 4 1 75, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 



4209. A mixture produced fron/ a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weigMt ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greafter than approximately 1; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condensable component comprises oxygenated 
hydrocarbons. 

4210. The mixture of claim 4209, wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. 



42 1 1 . The mixture of cjfaim 4209, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4212. The mixture of 
calculated on an atomic 



laim 4209, wherein less than about 1 % by weight, when 
basis, of the condensable hydrocarbons is nitrogen. 



875 



Conley, Rose & Tayon. P C. 



4213. The mixture of claim 4209, wherein less than about 1 % by weight, when 

calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

/ 

/ 

/ 

4214. The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4215. The mixture of claim 4209, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4216. The mixture of claim 4209, ^herein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4217. The mixture of claim 4209, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4218. The mixture of claim 4209, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are/asphaltenes. 

4219. The mixture of claim/4209, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4220. The mixture of claim 4209, wherein the non-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



422 1 . The mixture of cfaim 4209. wherein the produced mixture: comprises ammonia. 



and wherein greater thar 



about 0.05 % by weight of the produced mixture is ammonia. 



\ 
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4222. The mixture of claim 4209, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to prodbce fertilizer. 

4223. The mixture of claim 4209, wherein less than about 5 weight % of the 
condensable hydrocarbons in the mimire have a carbon number greater than 
approximately 25. / 

4224. The mixture of claim 420y, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0. 1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins 

4225. The mixture of claim 4209, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4226. The mixture of claim 4209, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater than about 5 % by weight of the mixture comprises H2. 

4227. The mixture of claim 4209, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater than about 15 % by weight of the mixture comprises H 2 . 

4228. The mixture of claim 4209, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atorr s, to methane, is greater than about 0.3. 

4229. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: / 



non-condensab e hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; /" 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by weight, wj^en calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 



13 



10 



15 



4230. The mixture of claim 4229, further (Comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

423 1 . The mixture of claim 4229, wherein less than about 5 weight % of the 
condensable hydrocarbons have a carbon number greater than approximately 25. 

4232. The mixture of claim 4229( wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 %/by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. 



20 



4233. The mixture of claim 4229, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4234. The mixture of claim 4229, wherein about 5 % by weight to about 30 % by 
weight of the condensable/hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



25 



30 



4235. The mixture of olaim 4229, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4236. The mixture of 
condensable hydrocarbons 



claim 4229, wherein less than about 5 % by weight of the 
comprises multi-ring aromatics with more than two rings. 
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4237. The mixture of claim 4229, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

/ 

/ 

/ 

4238. The mixture of claim 4229, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4239. The mixture of claim 4229, wherein the non-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen il greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



4240. The mixture of claim 4220, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of ihe produced mixture is ammonia. 

4241. The mixture of claim ^29, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4242. The mixture of claim 4229, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4243. The mixture of claim 4229, wherein the non-condensable hydrocarbons comprise 
H 2 , and wherein greater tfian about 5 % by weight of the non-condensable hydrocarbons 
comprises H 2 . 



4244. The mixture of 
H 2 , and wherein greate 



laim 4229, wherein the non-condensable hydrocarbons comprise 
• than about 15 % by weight of the mixture comprises H 2 . 



4245. The mixture of 
than about 2 carbon at<f>ms 



claim 4229, wherein a weight ratio of hydrocarbons having greater 
, to methane, is greater, than about 0.3. 
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4246. A mixture produced from a portion of a hydrocarbon containing formation, the 

. . / - 

mixture comprising: / 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greater than about 0.5 f/o by weight of the mixture comprises 
ammonia; and 

condensable hydrocarbons comprising (Oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4247. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 °/j by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4248. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4249. The mixture of claim 4246, wnerein the condensable hydrocarbons further 



comprise nitrogen, and wherein less 



atomic basis, of the condensable hydrocarbons is nitrogen 



4250. The mixture of claim 4246, 
comprise oxygen, and wherein less 
atomic basis, of the condensable hyjdrocarbons 



425 1 . The mixture of claim 4246 
comprise sulfur, and wherein less 
atomic basis, of the condensable hy 



lan about 1 % by weight, when calculated on an 



vherein the condensable hydrocarbons further 
than about 1 % by weight, when calculated on an 
is oxygen. 



wherein the condensable hydrocarbons further 
tfiian about 1 % by weight, when calculated on an 
rocarbons is sulfur. 
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4252. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phedols. 



4253. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater tljan about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4254. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and wherein less thaii about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring ar|matics with more than two rings. 



4255. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than abouf 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4256. The mixture of claim 4246, wherein the aondensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % liy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4257. The mixture of claim 4246, wherein the 
comprise hydrogen, wherein the hydrogen is 
non-condensable hydrocarbons, and wherein th 
volume of the non-condensable hydrocarbons. 



non-condensable hydrocarbons further 
greater than about 10 % by volume of the 
hydrogen is less than about 80 % by 



produced mixture further comprises 



4258. The mixture of claim 4246, wherein the 

ammonia, and wherein greater than about 0.05 °/\ by weight of the produced mixture is 
ammonia. 
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4259. The mixture of claim 4246, wherein the produced^nixture further comprises 
ammonia, and wherein the ammonia is used to produce'' fertilizer. 



4260. The mixture of claim 4246, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greate/ than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons i/i the mixture have a carbon number greater 
than approximately 25. 

4261 . The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about 5 % by weight of the mixture comprises H2. 

4262. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater tl/an about 15 % by weight of the mixture comprises 
H 2 . 

4263. The mixture of claim 424fe, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having (farbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carboiy numbers greater than 2, to methane, is greater than about 
0.3. 



4264. A mixture produced ijrom a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a wfeight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; and 

condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 

4265. The mixture of cl lim 4264, wherein the non-condensable hydrocarbons further 
comprise ethene and ethaee, and wherein a molar ratio of ethene to ethane in the non- 
condensabie hydrocarbons ranges from about 0.001 to about 0.15. 
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4266. The mixture of claim 4264. wherein the condensable hydrocarbons further 

comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 

di- 
atomic basis, of the condensable hydrocarbons is nitrogen. 



4267. The mixture of claim 4264. whereinr the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4268. The mixture of claim 4264 ; ywherein the condensable hydrocarbons further 
comprise sulfur, and wherein less/than about 1 % by weight, when calculated on an 
atomic basis, of the condensable/hydrocarbons is sulfur. 

4269. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygen containing/compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable j^ydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4270. The mixture of claim 4264. wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



427 1 . The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise multi-rin^tromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4272. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



\ 
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4273. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. /\ 

/ ' ' 

4274. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about 10 % by volume of 
the non-condensable hydrocarbons and wherein tfye hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4275. The mixture of claim 4264, wherein th£ produced mixture further comprises 
ammonia, and wherein greater than about 0.(/5 % by weight of the produced mixture is 
ammonia. 

4276. The mixture of claim 4264, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4277. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than about 15 % by we/ght of the hydrocarbons have a carbon number 
greater than approximately 25. 

4278. The mixture of claim 4264 wherein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 

4279. The mixture of claim 4264, wherein about 0.1% to about 2 % by weight of the 
condensable component comprises olefins. 



4280. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons ccmprises oxygenated hydrocarbons. 
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428 1 . The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 

the condensable component comprises oxygenated hydrocarbons. 

A 

4282. The mixture of claim 4264, wherein the no/-condensable hydrocarbons further 
comprise I-L, and wherein greater than about 5 °// by weight of the non-condensable 
hydrocarbons comprises H2. 

4283. The mixture of claim 4264, whereirf the non-condensable hydrocarbons further 
comprise I-b, and wherein greater than a^out 15 % by weight of the non-condensable 
hydrocarbons comprises H2. 

4284. The mixture of claim 4264, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4285. A mixture produced from/a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less than about 15 weight % of the 
condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
wherein greater than about } % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. 

4286. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, ind wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 



4287. The mixture o 
comprise olefins, and 
condensable hydrocarbons 



claim 4285, wherein the condensable hydrocarbons further 
wherein about 0. 1 % by weight to about 1 5 % by weight of the 
are olefins. 
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4288. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / ' 



4289. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about/l % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4290. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than/about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4291 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4292. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % b 
weight of the condensable hyarocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4293. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons /are aromatic compounds. 

4294. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise multi-ring aromfatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbor s comprises multi-ring aromatics with more than two rings. 



/ 
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4295. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 4296. The mixture of claim 4285, whereir/the condensable hydrocarbons further 

comprise cycloalkanes, and wherein aboirt 5 °/J by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4297. The mixture of claim 4285, /further comprising non-condensable hydrocarbons, 
10 wherein the non-condensable hyd/ocarbons comprise hydrogen, and wherein the 

hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
^ wherein the hydrogen is less th^n about 80 % by volume of the non-condensable 

*B hydrocarbons. 

f* 15 4298. The mixture of claim 4285, further comprising ammonia, and wherein greater 

iAJ / 

p than about 0.05 % by weight of the produced mixture is ammonia. 

£3 4299. The mixture of claim 4285, further comprising ammonia, and wherein the 

\hj ammonia is used to produce fertilizer. 

£ 20 

M= 4300. The mixture of/claim 4285, wherein the condensable hydrocarbons further 

comprises olefins, and/ wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 

25 430 1 . The mixture of claim 4285, wherein the condensable hydrocarbons further 

comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4302. The mixture of claim 4285, wherein the condensable hydrocarbons further 
30 comprises olefins, and wherein about 0. 1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4303. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 

4304. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydro<z^arbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4305. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable Hydrocarbons comprise H2, wherein greater than about 15 
% by weight of the non-condensable hydrocarbons comprises H2. 

4306. The mixture of claim 4285, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms/to methane, is greater than about 0.3. 

4307. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less than about 15 % by weight of the 
condensable hydrocarbons have a carbon number greater than about 25; 

wherein less thjan about 1 % by weight of the condensable hydrocarbons, when 



calculated on an atom 



c basis, is nitrogen; 



wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and 

wherein less man about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 

4308. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4309. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. / 

/ 

/ 

43 10. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

43 1 1 . The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

43 12. The mixture of claim 4307,/ wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

43 1 3 . The mixture of claim 43a)7, wherein the condensable hydrocarbons further 
comprise multi-ring aromaticsiand wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



43 14. The mixture of claim j4307, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



43 1 5. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarboni are cycloalkanes. 
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43 16. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about .80 % by volume of the non-condensable 
component comprises hydrogen. 

4317. The mixture of claim 4307. further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced /mixture is ammonia. 

43 18. The mixture of claim 4307, further ^comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

43 19. The mixture of claim 4307, wherein the condensable component further 
comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
component comprises olefins. 

4320. The mixture of claim 4307, Avherein the condensable component further 
comprises olefins, and wherein abput 0. 1 % to about 2.5 % by weight of the condensable 
component comprises olefins. 

432 1 . The mixture of claim 43D7, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4322. The mixture of claim #307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4323. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 
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4324. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 

A 

wherein a weight ratio of compounds within the non-cqridensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is great4r than about 0.3. 



4325. A mixture produced from a portion of a hjprocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein les^ than about 15 % by weight of the 
condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is tyss than about 10 % by weight of the 
condensable component. 

4326. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4327. The mixture of claim 4325/ wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4328. The mixture of claim 4J25, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ettiene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to atfout 0.15. 

4329. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise nitrogen, and whetein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4330. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



433 1 . The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 °/^by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4332. The mixture of claim 4325, wherein me condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of me condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

4333. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromaaic compounds. 

4334. The mixture of claim 4325,/wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons composes multi-ring aromatics with more than two rings. 

4335. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4336. The mixture of claim fl-325, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4337. The mixture of claiqi 
wherein the non-condensab 



4325, further comprising non-condensable hydrocarbons, 
e hydrocarbons comprises hydrogen, and wherein the 
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hydrogen is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. * 



4338. The mixture of claim 4325, further comprising ammonia, wherein greater than 

/ 

about 0.05 % by weight of the produced mixture/is ammonia. 



4339. The mixture of claim 4325, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4340. The mixture of claim 4325, where/n about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 

4341 . The mixture of claim 4325, wherein about 0.1 % to about 2 % by weight of the 
condensable component comprises ol'efins. 

4342. The mixture of claim 4325, wherein the condensable component farther 
comprises oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 



4343. The mixture of claim 4325, wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 



4344. The mixture of claim.4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H?, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 



4345. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the nonLondensable hydrocarbons comprises H2. 
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4346. The mixture of claim 4325 ; further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio ofhydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4347. A mixture produced from a portion of ar hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, whereii/less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and / 

wherein the condensable hydrocarbons further comprise aromatic compounds, 
wherein more than about 20 % by weight of the condensable hydrocarbons comprises 
aromatic compounds. / 

4348. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to rnethane, is greater than approximately 1. 

4349. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise olefins, and wherfein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons/ are olefins. 

4350. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein a molar ratio oi/ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to ab/ut 0.15. 

435 1 . The mixture off claim 4347, wherein the condensable hydrocarbons further 
comprise nitrogen, ar d wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the c imdensable hydrocarbons is nitrogen. 

\ 
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4352. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 

r- 

atomic basis, of the condensable hydrocarbons is oxygen. 



4353. The mixture of claim 4347, wherein theycondensable hydrocarbons further 
comprise sulfur, and wherein less than about /% by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4354. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4355. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4356. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4357. The mixture of claim 4347, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbcms are cycloalkanes. 

4358. The mixture of/claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 
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4359. The mixture of claim 4347, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

4360. The mixture of claim 4347, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4361 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0/1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4362. The mixture of claim 43 47 J wherein the condensable hydrocarbons further 
comprises olefins, and wherein al/out 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins J 

4363. The mixture of claim 4J47, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic/compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons comprises multi-ring aromatic compounds. 

4364. The mixture of claim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4365. The mixture of claim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4366. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condlnsable hydrocarbons comprise Hi, and wherein greater than about 
5 % by weight of the hon-condensable hydrocarbons comprises H2. 
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4367. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Fb, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises Ha. 

4368. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4369. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

non-condensable hydrocarborfs comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weiant ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 



4370. The mixture of cl 
comprise ethene and ethqfne 
condensable hydrocarbons 



^fim 4369, wherein the non-condensable hydrocarbons further 
and wherein a molar ratio of ethene to ethane in the non- 
ranges from about 0.001 to about 0.15. 



4371. The mixture of c 
comprise nitrogen, and 
atomic basis, of the condensable 



aim 4369, wherein the condensable hydrocarbons further 
wherein less than about 1 % by weight, when calculated on an 
hydrocarbons is nitrogen. 
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• 



4372. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 

atomic basis, of the condensable hydrocarbons is/oxygen. 

/ 

5 / 

4373. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than abouyl % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

10 4374. The mixture of claim 4369, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

Q weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

?lj / 

|g wherein the oxygen containing compounds comprise phenols. 

Id 15 4375. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
jT multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 

^ hydrocarbons comprises multi-ring aromatics with more than two rings. 

4376. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
Q 20 asphaltenes, and wherein less tqan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 



30 



4377. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons ar 



4378. The mixture of claim 
comprises hydrogen, and wh|erein 
80 % by volume of the non- 



cycloalkanes. 



4369, wherein the non-condensable hydrocarbons further 
greater than about 10 % by volume and less than about 
dondensable hydrocarbons. 
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4379. The mixture of claim 4369, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



4380. The mixture of claim 4369, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



4381. The mixture of claim 4369, whereir/the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 15 % by weight pf the hydrocarbons have a carbon number 
greater than approximately 25. 

4382. The mixture of claim 4369, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4383. The mixture of claim 4369/ wherein about 0.1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins, 

4384. The mixture of claim 4369, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



4385. The mixture of claim 4;>69, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atcpms to methane is greater than about 0.3. 

4386. A mixture produced frj^m a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons 
condensable hydrocarbons 
about 25; 

wherein the condensahle hydrocarbons further comprise: 



, wherein less than about 5 % by weight of the 
cofnpnses hydrocarbons having a carbon number greater than 
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oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about IpVo by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromafiic compounds; and 

non-condensable hydrocarbons comprising wherein greater than about 1 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4387. The mixture of claim 4386, wherein the non-condensable hydrocarbons further 
comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon/ numbers from 2 through 4, to methane, is greater 
than approximately 1 . 

4388. The mixture of claim 438^5, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

4389. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherefin less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4390. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise oxygen, and whenein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



4391. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4392. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons compose oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4393. The mixture of claim 4386, whereiA the! condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises n/ulti-ring aromatics with more than two rings. 

4394. The mixture of claim 4386, Wnerein the condensable hydrocarbons further 
comprise asphaltenes, and wherein }ess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4395. The mixture of claim 438^, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein aboutp % by weight to about 30 % by weight of the 
condensable hydrocarbons are oycloalkanes. 

4396. The mixture of claim 4B86, wherein greater than about 10 % by volume and less 
than about 80 % by volume of the non-condensable hydrocarbons is hydrogen. 

4397. The mixture of claim|4386, further comprising ammonia, and wherein greater 
than about 0.05 % by weight/ of the produced mixture is ammonia. 



4398. The mixture of claiifr 4386, further comprising ammonia, and wherein the 
ammonia is used to producjb fertilizer. 



4399. The mixture of cla 
condensable hydrocarbon;; 



condensable hydrocarbon: 



m 4386, wherein about 0.1 % to about 5 % by weight of the 
comprises olefins. 



4400. The mixture of claim 4386, wherein about 0.1 % to about 2 % by weight of the 



comprises olefins. 
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4401 . The mixture of claim 4386, wherein tljertondensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



4402. The mixture of claim 4386, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, ana wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to/methane is greater than about 0.3. 

4403. A condensable mixture pro/luced from a portion of a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 0. 1/% by weight to about 1 5 % by weight of the 
condensable mixture comprises Olefins; 

oxygenated hydrocarbons, wherein less than about 15 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 

asphaltenes, wherein lejss than about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. 



4404. The mixture of claim/4403, wherein the condensable mixture further comprises 
hydrocarbons having a carbcn number of greater than approximately 25, and wherein less 
than about 1 5 weight % of tl}e hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



4405. The mixture of claim 4403, wherein about 0. 1 % by weight to about 5 %'by 
weight of the condensable mixture comprises olefins. 



4406. The mixture of cl 
non-condensable 
ethene and ethane, and vy 
hydrocarbons ranges froth 



aim 



4403, wherein the condensable mixture further comprises 
hydrocarbons, wherein the non-condensable hydrocarbons comprise 

herein a molar ratio of ethene to ethane in the non-condensable 
about 0.001 to about 0.15. 
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4407. The mixture of claim 4403, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 

4408. The mixture of claim 4403, wherein the condensable mixture further comprises 

/ 

oxygen, and wherein less than about 1 % b)/weight, when calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4409. The mixture of claim 4403, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 fo by weight, when calculated on an atomic basis, of 
the condensable mixture is sulfur. 

4410. The mixture of claim 4403/ wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

441 1 . The mixture of claim 4403, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4412. The mixture of claim 4403, wherein the condensable mixture further comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4413. The mixture of claim 4403, wherein the condensable mixture further comprises 
cycloalkanes, and where ip about 5 % by weight to about 30 % by weight of the 
condensable mixture are/cycloalkanes. 

4414. The mixture of claim 4403, wherein the condensable mixture comprises non- 



condensable hydrocarbc 



ns, and wherein the non-condensable hydrocarbons comprise 



\ 
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hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



4415. The mixture of claim 4403, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4416. The mixture of claim 4403, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

441 7. The mixture of claim 4403, wherein about 0. 1 % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. 

441 8. A condensable mixture prpduced from a portion of a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 0/1 % by weight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 

oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons. 

4419. The mixture of claim 4418, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 



4420. The mixture of 
nitrogen, and wherein l^ss 
of the condensable hydrocarbons 



aim 4418, wherein the condensable mixture further comprises 
than about 1 % by weight, when calculated on an atomic basis, 
is nitrogen. 
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442 1 . The mixture of claim 44 1 8, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

4422. The mixture of claim 4418. wherein ther condensable mixture further comprises 
sulfur, and wherein less than about 1 % by v^eight, when calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 

4423. The mixture of claim 4418, whec^in the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

4424. The mixture of claim 4418/ wherein the condensable mixture further comprises 
aromatic compounds, and where^i greater than about 20 % by weight of the condensable 
mixture are aromatic compound 

4425. The mixture of claim 4418, wherein the condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4426. The mixture of claim 4418, wherein the condensable mixture further comprises 
cycloalkanes, and whereiiyabout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4427. The mixture of claim 441 8, further comprising ammonia, wherein greater than 
about 0.05 % by weightf of the produced mixture is ammonia. 



4428. The mixture o 
used to produce fertiliser 



claim 4418, further comprising ammonia, wherein the ammonia is 
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4429. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

non-condensable hydrocarbons and Fb, wherein greater than about 10% by 
volume of the non-condensable hydrocarbons and H 2 cofnprises H 2 ; 

ammonia and water, wherein greater than ab<?lit 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 

4430. The mixture of claim 4429, wherein/the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon numbers from 2 through 4 to methane, in the mixture 
is greater than approximately 1 . 

443 1 . The mixture of claim 4429, ^herein greater than about 0. 1 % by weight of the 
condensable hydrocarbons are olefins, and wherein less than about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4432. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4433. The mixture of cla/m 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4434. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4435. The mixture ofjclaim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 
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4436. The mixture of claim 4429, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4437. The mixture of claim 4429, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4438. The mixture of claim 4429, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi^ring aromatics with more than two rings. 

4439. The mixture of claim 4429, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphalte/nes. 

4440. The mixture of claim 4429, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocatfoons are cycloalkanes. 

4441 . The mixture of claim 4429, wherein the H2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4442. The mixture of claim 4ft29, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 

4443. The mixture of claim/4429, wherein the ammonia is used to produce fertilizer. 

4444. The mixture of claim 4429, wherein less than about 5% of the condensable 
hydrocarbons have carbon/numbers greater than 25. 



4445. The mixture of cle im 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than about 15% by weight of the 
condensable hydrocarbon^ comprise olefins. 
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4446. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % by weight of the condensable 

hydrocarbons comprise olefins, and wherein less than about 10% by weight of the 

/ 

condensable hydrocarbons comprise olefins, / 

/ 
/ 

4447. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4448. The mixture of claim 4429, Wtierein the condensable hydrocarbons further 
comprise nitrogen containing compounds. 

4449. A method of treating a hyarocarbon containing formation in situ comprising 
providing heat from three or more heat sources to at least a portion of the formation, 
wherein three or more of the heat sources are located in the formation in a unit of heat 
sources, and wherein the unit df heat sources comprises a triangular pattern. 

4450. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattern of units. 



445 1 . The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
25 an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately p. 



4452. The method of 
30 in the formation in a plfurality 
an area of the formation 



laim 4449, wherein three or more of the heat sources are located 

of the units, wherein the plurality of units are repeated over 
to form a repetitive pattern of units, wherein three or more 
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production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprises a triangular pattern. 



4453. The method of claim 4449, wherein three or more of the heat sources are located 

/ 

in the formation in a plurality of the units, Wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area defined by the plurality of units, wherein the 
three or more injection wells are located in the formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattern. 

4454. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of/the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 
the plurality of units, wherein the three or more production wells are located in the 
formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unit of injediion wells, wherein the unit of injection wells comprises a 
second triangular patternJand wherein the first triangular pattern is substantially different 
than the second triangular pattern. 



4455. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
monitoring wells are located within an area defined by the plurality of units, wherein the 
three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 



4456. The method of 
defined by the unit o 



claim 4449, wherein a production well is located in an area 
heat sources. 
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4457. The method of claim 4449, wherein three or more of the heat sources are located 

/ 

in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted witli respect to the second unit. 



4458. The method of claim 4449, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less than aboutf20 %. 

4459. The method of claim 4449, wherein a/distance between each of the heat sources in 
the unit of heat sources is approximately equal. 

4460. The method of claim 4449, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. 

4461 . The method of claim 4449, wherein the heated portion comprises a substantially 
uniform temperature distribution. 

4462. The method of claim 4449, wherein the heated portion comprises a substantially 
uniform temperature distribution, alnd wherein a difference between a highest temperature 
in the heated portion and a lowest [temperature in the heated portion comprises less than 
about 200 °C. 

4463. The method of claim 44^9, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern are 
approximately equal. 



4464. The method of claim 4W49, wherein a temperature at an outer lateral boundary of 



the triangular pattern and a te 
substantially linearly after an 



perature at a center of the triangular pattern increase 
initial period of time, and wherein the initial period of time 



comprises less than approximately 3 months. 
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4465. The method of claim 4449, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 
of the heated portion to the selected temperature with i hexagonal pattern of heat sources, 

and wherein a space between each of the heat sources in the triangular pattern is 

/ 

approximately equal to a space between each of the heat sources in the hexagonal pattern. 



4466. The method of claim 4449, wherein a/time required to increase a temperature at a 
coldest point within the heated portion to a/selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein ayspace between each of the heat sources in the 
triangular pattern is approximately ejfual to a space between each of the heat sources in 
the hexagonal pattern. 

4467. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the neated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to jthe number of heat sources per unit are in the hexagonal 
pattern of heat sources. 



4468. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the hekted portion to a selected temperature with the triangular 
pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, aid wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than a space between each of the heat 
sources in the hexagonal pattern. 
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4469. The method of claim 4449, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: /% 

heating a selected volume (V) of the hydrocarbon containing formation from three 
or more of the heat sources, wherein the formation has,an average heat capacity (C v ), and 
wherein heat from three or more of the heat sources pyrolyzes at least some hydrocarbons 
within the selected volume of the formation; and 

wherein heating energy/day provided to Jfie volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d&y, h is an average heating rate of the 
formation, p B is formation bulk density, ai/d wherein the heating rate is less than about 
10°C/day. 

4470. The method of claim 4449, wl/erein three or more of the heat sources comprise 
electrical heaters. 

4471 . The method of claim 4449/wherein three or more of the heat sources comprise 
surface burners. 

4472. The method of claim 4449, wherein three or more of the heat sources comprise 
flameless distributed combustors. 

4473. The method of claim 4449, wherein three or more of the heat sources comprise 
natural distributed combustors. 



4474. The method of claim 4449, further comprising: 

allowing the heat to transfeij from three or more of the heat sources to a selected section 
of the formation such that Heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within i he selected section of the formation; and 
producing a mixture of fluids from the formation. 
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4475. The method of claim 4474, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

4476. The method of claim 4474, further comp/ising controlling the heat such that an 
average heating rate of the selected section is Less than about 1 .0° C per day during 
pyrolysis. / 

4477. The method of claim 4474, whereii/i allowing the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. / 

4478. The method of claim 4474, wherein providing heat from three or more of the heat 
sources to at least the portion of the formation comprises heating the selected section 
such that a thermal conductivity of at least a portion of the selected section is greater than 
about 0.5 W/m °C. / 

4479. The method of claim 4474, wherein the produced mixture comprises an API 
gravity of at least 25°. / 

4480. The method of claim 44F4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 

448 1 . The method of claim 22, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons nmges from about 0.001 to about 0. 1 5. 

\ 
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4482. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



4483. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about V% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/6xygen. 



4484. The method of claim 4474, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less thai/ about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



15 



4485. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 51% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



d 



20 



25 



4486. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4487. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons compris^/ multi-ring aromatics with more than two rings. 

4488. The method ofi claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0. 1% by weight of the condensable 
hydrocarbons are asphaltenes. 
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4489. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4490. The method of claim 4474, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about W % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

4491 . The method of claim 4474, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 f/o by weight of the produced mixture is ammonia. 

4492. The method of claim 4474/wherein the produced mixture comprises ammonia, 
and wherein the ammonia is usecyto produce fertilizer. 

4493. The method of claim 44/74, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein a partial pressure of H2 within 
the mixture is greater than about 2.0 bar absolute. 

4494. The method of claimf 4474, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about/ 25. 

4495. The method of claim 4474, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

4496. The method of claim 4474, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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4497. The method of claim 4474, further comprising: 
producing hydrogen from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 



portion of the produced hydrogen. 



/ 



4498. The method of claim 4474, whe/ein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises increasing a 
permeability of a majority of the selefcted section to greater than about 100 millidarcy. 

4499. The method of claim 4474/wherein allowing the heat to transfer from three or 
more of the heat sources to the sefected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

4500. The method of claim 4474, further comprising controlling the heat from three of 
more heat sources to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. 



4501 . The method of claim/ 4474, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

4502. The method of claim 4474, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the (formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4503. The method of cl um 4474, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4504. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: 

heating a section of the formation toyk temperature sufficient to allow synthesis 
gas generation, wherein a permeability of trie section is substantially uniform and greater 
than a permeability of an unheated section of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid to the section to generate synthesis gas; 

and 

removing synthesis gas from f he formation. 

4505. The method of claim 4504, Avherein the permeability of the section is greater than 
about 100 millidarcy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved, i 

4506. The method of claim 4504, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4507. The method of claim 4&04, further comprising heating the section when providing 
the synthesis gas generating flpid to inhibit temperature decrease in the section due to 
synthesis gas generation. 



4508. The method of claim/4504, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the section. 



4509. The method of clair^4508 5 wherein the oxidizing fluid comprises air. 
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4510. The method of claim 4509, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient t^ produce oxides of nitrogen 
compounds. / 

45 1 1 . The method of claim 4504, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to welpores within the formation, oxidizing 
carbon within the reaction zone to generate hea/f, and transferring the heat to the section. 

45 12. The method of claim 4504, wherein Meating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

45 1 3. The method of claim 4504, wherean heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesis gas generating fluid to the 
section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. / 

45 14. The method of claim 4504, ftirther comprising controlling the heating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 

45 1 5. The method of claim 4504, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of the section and provision of the synthesis gas generating 
fluid to maintain the composition of the produced synthesis gas within a selected range. 

45 1 6. The method of claim 45 1 5, wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. 
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45 17. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
liquid water. 



4519. The method of claim 4504, wherein/the synthesis gas generating fluid comprises 
water and carbon dioxide, and wherein ihp carbon dioxide inhibits production of carbon 
dioxide from carbon containing materia/within the section. 

4520. The method of claim 45 19, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4521. The method of claim 4504/, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4522. The method of claim 4p2 1, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid/comprises carbon dioxide removed from the formation. 

4523. The method of claim 14504, wherein providing the synthesis gas generating fluid 
to the section comprises raiding a water table of the formation to allow water to flow into 
the section. 

4524. The method of clain 4504, wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas produci lg zone operates at a substantially constant temperature to 
promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. 



4518. The method of claim 4504, wherein the synfnesis gas generating fluid comprises 
steam. / 
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4525. The method of claim 4524, wherein the substantially constant temperature is 
about 700 °C, and wherein the selected composition has a H 2 to CO ratio of about 2:1. 



4526. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers.less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a, reaction within the section to increase a H2 
concentration of the generated synthesis gas./ 

4527. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react withm the section to increase an energy content of the 
synthesis gas removed from the formation. 

4528. The method of claim 4504Jrurther comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4529. The method of claim 45^04, further comprising generating electricity from the 
svnthesis gas using a fuel cell./ 

4530. The method of claim 4504, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

453 1. The method of cla/m 4504, further comprising using a portion of the synthesis gas 
as a combustion fuel to heat the formation. 

4532. The method of claim 4504, further comprising converting at least a portion of the 



produced synthesis gas t(j> 
process. 



condensable hydrocarbons using a Fischer-Tropsch synthesis 
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4533. The method of claim 4504, farther comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4534. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 



O 
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4535. The method of claim 4504, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4536. The method of claim 4504, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fornvition in a unit of heat sources, and wherein the unit of heat 
sources comprises a trianguW pattern. 

4537. The method of claim/4504, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the flormation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formatnon to form a repetitive pattern of units. 



25 
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4538. A method of treating a hydrocarbon containing formation in situ, comprising: 



providing heat fr 
formation; 

allowing the he 



uniformly increase a permeability of the portion and to increase a temperature of the 



portion to a temperature 
providing a syn 



obtaining a port 
from the formation; an 



>m one or more heat sources to at least a portion of the 



to transfer from the one or more heat sources to substantially 



sufficient to allow synthesis gas generation; 
lesis gas generating fluid to at least the portion of the selected 



section, wherein the synthesis gas generating fluid comprises carbon dioxide; 



on of the carbon dioxide of the synthesis gas generating fluid 
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producing synthesis gas from the formation. 



4539. The method of claim 4538, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 °C to about 1200 °C. 

4540. The method of claim 4538, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent/to produce hydrocarbon bed methane from a 
hydrocarbon containing formation. / 

4541 . The method of claim 4540, wherein the hydrocarbon containing formation is a 
deep hydrocarbon containing formation over 760 m below ground surface. 

4542. The method of claim 4540/wherein the hydrocarbon containing formation 
adsorbs some of the carbon dioxide to sequester the carbon dioxide. 

4543. The method of claim 4338, further comprising using a second portion of the 
separated carbon dioxide as a/flooding agent for enhanced oil recovery. 

4544. The method of claim 4538, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H 2 concentration within tne produced synthesis gas. 

4545. The method of jfclaim 4538, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the producjed synthesis gas. 

4546. The method of claim 4538, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 
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4547. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

/ 

4548. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating cannon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4549. The method of claim 4538, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4550. The method of claim 4538/ further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

455 1 . The method of claim 4^38, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4552. The method of clairry 4538, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4553. The method of claim 4538, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



4554. The method of cjfaim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H? to carbon monoxide of greater than about 2. 
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4555. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 



4556. The method of claim 4538, wherein a^temperature of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxide of approximately 2. 



4557. The method of claim 4538, wherein a heat source of the one or more of heat 
sources comprises an electrical heater. 

4558. The method of claim 4538, wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 

4559. The method of claim 4538/wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of tl^e FDC heater through a conduit positioned within the 
wellbore. 

4560. The method of claim 4^38, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4561 . The method of claim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fc rmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangi lar pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4562. A method of in situ 



synthesis gas production, comprising: 
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providing heat from one or more flameless distributed combustor heaters to at 
least a first portion of a carbon containing formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the selected section to generate 
synthesis gas; and 

removing synthesis gas fronV the formation. 

4563. The method of claim 4562L, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 



4564. The method of claim #562, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 



4565. The method of claim 4562, further comprising producing pyrolyzation products 
from the formation when raising the temperature of the selected section to the 
temperature sufficient to/generate synthesis gas. 



4566. The method of claim 4562, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
portion of the formation. 



4567. The method o ' 
spent portion of the fc 



claim 4562, further comprising storing carbon dioxide within a 
rmation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed swithesis gas. 
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4568. The method of claim 4562, further comprising separating a portion of H2 from the 

removed synthesis gas; and using a portion of the separated H2 as fuel for the one or more 

/ 
/ 



heaters. 



4569. The method of claim 4568, further comprising using a portion of exhaust products 
from one or more heaters as a portion of the Synthesis gas producing fluid 

4570. The method of claim 4562, furthe/ comprising using a portion of the removed 
synthesis gas with a fuel cell to generate^electricity. 

4571 . The method of claim 4570, wmerein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4572. The method of claim 4570/ wherein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide is introduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 

4573. The method of claim 4570, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of the carbon dioxide produced by the fuel cell. 

4574. The method of claim 4562, further comprising using a portion of the removed 
synthesis gas as a feed product for formation of hydrocarbons. 

4575. The method of claim 4562, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation tl increase an amount of H2 within the generated synthesis gas. 



4576. The method 0 
heat sources to at leask 



claim 4562, further comprising providing heat from three or more 
a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4577. The method of claim 4562, further comprising providing heat from three or more 

r 

heat sources to at least a portion of the formation', wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4578. A method of treating a hydrocarbon containing formation, comprising: 
heating a portion of the format/on with one or more electrical heaters to a 

temperature sufficient to pyrolyze hydrocarbons within the portion; 
producing pyrolyzation fluid/from the formation; 
separating a fuel cell feed stream from the pyrolyzation fluid; and 
directing the fuel cell feed stream to a fuel cell to produce electricity; 

4579. The method of claim 457/8, wherein the fuel cell is a molten carbonate fuel cell. 

4580. The method of claim 4578, wherein the fuel cell is a solid oxide fuel cell. 

4581 . The method of claim 4578, further comprising using a portion of the produced 
electricity to power the electrical heaters. 



4582. The method of claijn 4578, wherein heating the portion of the formation-is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 



4583. The method of claim 4578, wherein the fuel cell feed stream comprises PT? and 
hydrocarbons having a carbon number of less than 5. 




v 



927 



Conley. Rose & Tayon. P.C. 



4584. The method of claim 4578, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. 



4585. The method of claim 4578, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4586. The method of claim 4578, wherein the/ny^rogenation is done in situ by directing 
the H? into the formation. / 

4587. The method of claim 4578, wherein the hydrogenation is done in a surface unit. 

4588. The method of claim 4578, fucther comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to produce H2, and producing a portion of the hydrogen from 
the formation. / 

4589. The method of claim 45B8, further comprising directing an oxidizing fluid 
adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4590. The method of claim 4578, further comprising storing CO2 from the fuel cell 
within the formation. / 

4591 . The method of claim 4590, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 

4592. The method of olaim 4578, further comprising cooling the portion to form a spent 
portion of formation. 

4593. The method of c laim 4592, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 
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4594. The method of claim 4593, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4595. The method of claim 4593, further compri^ifig using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

4596. The method of claim 4578, further comprising: 

heating the portion to a temperature sufficient to support generation of synthesis 
gas after production of the pyrolyzation fluids; 

introducing a synthesis gas producing fluid into the portion to generate synthesis 
gas; and / 

removing a portion of the synthesis gas from the formation. 

4597. The method of claim 4596, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4598. The method of claim 4d96, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 

4599. The method of claim 4596, further comprising producing steam from operation of 
the fuel cell, and using the/steam as part of the synthesis gas producing fluid. 

4600. The method of claim 4596, further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 

4601 . The method of claim 4596, further comprising using a portion of the synthesis gas 
to produce hydrocarbon oroduct. 

i 
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4602. The method of claim 4596, further comprising cooling the portion to form a spent 
portion of formation. 

4603. The method of claim 4602, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4604. The method of claim 4603, further comprising using a portion of the removed 
steam to heat a second portion of the formation. / 

4605. The method of claim 4603, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a/second portion of the formation. 

4606. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in aiunit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4607. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation An a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patten, and wherein a plurality of the units are repeated 
over an area of the formation to foipi a repetitive pattern of units. 

4608. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: / 

providing heat from one or more heat sources to at least a portion of the 
formation; J 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such th it the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 
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heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and A. 

producing a portion of the synthesis gas from the formation. 

4609. The method of claim 4608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons/within the selected section of the 
formation. / 

4610. The method of claim 4608, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

461 1 . The method of claim 4608, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4612. The method of claim 4608, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section/during synthesis gas generation. 

4613. The method of claim 4608,/wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4614. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficienj to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, whereini the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of carbon-containing material within 



introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zcmes; and 
transferring heat from the zones to the selected section. \ 



4615. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis sas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially be convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. / 

4616. The method of claim 4608, wherein thfe one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4617. The method of claim 4608, wherein pne or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4618. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to alio v synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



4619. The method of claim 4608, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 



the zones with an oxidizing fluid; 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4620. The method of claim 4608, further comprising: 
monitoring a composition of the produced synthesis gas; and 
controlling heating of at least the portion of selected section and provision of the 

synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. 

4621 . The method of claim 4608, wherein theysynthesis gas generating fluid comprises 
liquid water. 

4622. The method of claim 4608, whereii/ the synthesis gas generating fluid comprises 
steam. 

4623. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein $ne carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4624. The method of claim 4623, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluidycomprises carbon dioxide removed from the formation. 

4625. The method of claimf 4608, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherem a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4626. The method of cl 
synthesis gas generating 



im 4625, wherein a portion of the carbon dioxide within the 
fluid comprises carbon dioxide removed from the formation. 



V 
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4627. The method of claim 4608, wherein providing the synthesis gas generating fluid 

k 

to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4628. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less tharf 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction/within at least the portion of the 
selected section to increase a H2 concentration within/the produced synthesis gas. 

4629. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4630. The method of claim 4608, further comprising maintaining a pressure within the 
formation during synthesis gas generation^ and passing produced synthesis gas through a 
turbine to generate electricity. / 

463 1 . The method of claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4632. The method of claim 4608; further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4633. The method of claim 4608, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 
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4634. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4635. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4636. The method of claim 4608, further compris/ng converting at least a portion of the 
produced synthesis gas to gasoline. 

4637. The method of claim 4608, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4638. The method of claim 4608, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 

4639. The method of claim 4608/ further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4640. A method for in situ^roduction of synthesis gas from a hydrocarbon containing 
formation, comprising: 

heating a first portibn of the formation to pyrolyze some hydrocarbons within the 
first portion; / 

allowing the heat ito transfer from one or more heat sources to a selected section 
of the formation, / 

pyrolyzing hydrocarbons within the selected section; 
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producing fluid from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; ^ 

heating a second portion of the formation to a,temperature sufficient to allow 

/ / 

synthesis gas generation; / ' 

introducing at least a portion of the aque6us fluid to the second section after the 
section reaches the temperature sufficient to gfllow synthesis gas generation; and 

producing synthesis gas from the formation. 



10 



4641 . The method of claim 4640, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 
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4642. The method of claim 4640, further comprising separating ammonia within the 
aqueous phase from the aqueous phase prior to introduction of at least the portion of the 
aqueous fluid to the second section. 

4643. The method of clafim 4640, wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 1 00 millidarcy when the 
temperature sufficient to allow synthesis gas generation is achieved. 

4644. The method of claim 4640, further comprising heating the second portion of the 
formation during/introduction of at least the portion of the aqueous fluid to the second 
section to inhibi/ temperature decrease in the second section due to synthesis gas 
generation. 



25 
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4645. The 
comprises 
a temperatun : 
oxidizing 
heat within 



thod of claim 4640, wherein heating the second portion of the formation 
cofivecting an oxidizing fluid into a portion of the second portion that is above 
sufficient to support oxidation of carbon within the portion with the 
, and reacting the oxidizing fluid with carbon in the portion to generate 
portion. 



fluid 
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4646. The method of claim 4640, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the reaction zones to generate heat, and transferring 
the heat to the second portion. / 

4647. The method of claim 4640, wherein heating the second portion of the formation 
comprises heating the second section by transfer of heat from one or more electrical 
heaters. / 

4648. The method of claim 4640, wherein heating the second portion of the formation 
comprises heating the second section with a flameless distributor combustor. 

4649. The method of claim 4640, wherein heating the second portion of the formation 
comprises injecting steam into at least the portion of the formation. 

4650. The method of claiiy 4640, wherein at least a portion of the aqueous fluid 
comprises a liquid phase. / 

465 1 . The method of dlaim 4640, wherein the aqueous fluid comprises a vapor phase. 

4652. The method of claim 4640, further comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. / 

4653. The methop of claim 4652, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4654. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less thai 5 to at least the portion of the aqueous fluid to increase a H2 
concentration wi hin the produced synthesis gas. 
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4655. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. / 

/ 

4656. The method of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to ii)crease energy content of the produced 
synthesis gas. 
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4657. The method of claim 4640, further/comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

4658. The method of claim 4640, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4659. The method of claim 464(/) 5 further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4660. The method of claim 46k0, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4661 . The method of claim &640, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4662. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 



j 
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4663. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4664. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4665. The method of claim 4640, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4666. The method of claim 4640, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4667. The method of claim 4640, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern,/and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4668. A method for in situ production of synthesis gas from a carbon containing 
formation, comprising: 

heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability within a portion of the formation and to 
raise a temperature within the potion to a temperature sufficient to allow synthesis gas 
generation; 

providing a synthesis gasf generating fluid into the portion through at least one 
injection wellbore to generate synthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and 
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producing synthesis gas from at least one heat source wellbore in which is 
positioned proximate to a heat source of the one or more heat sources. 

4669. The method of claim 4668, wherein the tempera/ure sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 

4670. The method of claim 4668, wherein creating/a substantially uniform permeability 
comprises heating the portion to a temperature witrnn a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation. / 

4671. The method of claim 4668. further comprising removing fluid from the formation 
through at least the one injection wellbore praor to heating the selected section to the 
temperature sufficient to allow synthesis ga$ generation. 

4672. The method of claim 4668, where/n the injection wellbore comprises a wellbore 
of a heat source in which is positioned aAieat source of the one or more heat sources. 

4673. The method of claim 4668, farmer comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to/synthesis gas generation. 

4674. The method of claim 4668, rurther comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbon^ within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. 

4675. The method of claim 46( 
selected section and provision o 



further comprising controlling the heating of the 
' the synthesis gas generating fluid to maintain a 
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temperature within the selected section above the temperature sufficient to generate 
synthesis gas. / 

4676. The method of claim 4668, further comprising: / 
monitoring a composition of the produced synthesis gas; and 
controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition of the produced synthesis gas within a 
desired range. / 

4677. The method of claim 4668, wherein the swithesis gas generating fluid comprises 
liquid water. / 

4678. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
steam. / 

4679. The method of claim 4668, wherem the synthesis gas generating fluid comprises 
steam to heat the selected section and to/generate synthesis gas. 

4680. The method of claim 4668, wHerein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein tHe carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 

468 1 . The method of claim 4680, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from thp formation. 

4682. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon/monoxide. 

4683. The method of clairW 4682, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 
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4684. The method of claim 4668, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table pf the formation to allow water to 
enter the selected section. / 

4685. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 

4686. The method of claim 4668, wherem the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react withm the selected section to increase an energy 
content of the produced synthesis gas 

4687. The method of claim 466&I further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4688. The method of clairry4668, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4689. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion or the separated carbon dioxide within a spent portion of the 
formation. / 

4690. The methocyof claim 4668, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 
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4691. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons usijng a Fischer-Tropsch synthesis 
process. 

4692. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4693. The method of claim 4668, further con/prising converting at least a portion of the 
produced synthesis gas to gasoline. 

4694. The method of claim 4668, further/ comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4695. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 10 carbon monoxide of greater than about 2. 

4696. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio pi H2 to carbon monoxide of less than about 2. 

4697. The method, of claimf 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to /carbon monoxide of approximately 2. 

4698. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises an electrical heater. 



4699. The method of c 
comprises a natural distributor 



aim 4668, wherein a heat source of the one or more heat sources 
heater. 
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4700. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heat^fl, and wherein fluids are 
produced from the wellbore of the FDC heater througt/a conduit positioned within the 
wellbore. 



470 1 . The method of claim 4668, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit cyr heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4702. The method of claim 4668, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4703. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one/or more heat sources to at least a portion of the 
formation; 

allowing the heat to trslnsfer from the one or more heat sources to a selected 
section of the formation suchf that the heat from the one or more heat sources pyrolyzes at 
least a portion of the carbon/containing material within the selected section of the 
formation; 

producing pyrolysii products from the formation; 

heating a first portion of a formation with one or more heat sources to a 
temperature sufficient to allow generation of synthesis gas; 

providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; 

removing a portion of the first synthesis gas from the formation; 
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heating a second portion of a formation with one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having a H2 to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; / 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthes/s gas from the formation; and 

blending a portion of the first synthesis ias with a portion of the second synthesis 
gas to produce a blended synthesis gas havina^a selected H2 to CO ratio. 

4704. The method of claim 4703. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydroca/bons within the selected section of the 
formation. 

4705. The method of claim 4703, wKerein the first synthesis gas generating fluid and 
second synthesis gas generating fluia are the same component. 

4706. The method of claim 470c, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4707. The method of claim 4703, further comprising controlling the temperature in the 
second portion to control a composition of the second synthesis gas. 

4708. The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 2:1 H2 to GO. 

4709. The method of ciaim 4703, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to /approximately 2.2:1 Fbto CO. 

4710. The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 3:1 HJto CO. 
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471 1 . The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 2.8: 1 to approximately 3.2: 1 H2 to CO. / 

4712. The method of claim 4703, further comprising/providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. / 

4713. The method of claim 4712, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. / 

4714. The method of claim 4713, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

471 5. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 

4716. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to A methanol-synthesis process to produce methanol. 

47 1 7. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

47 1 8. The method of claim 4703, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H2 to CO ratio greater the first synthesis gas. 

4719. The method of claim 4703, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature of the first portion is at a temperature that 



v 
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will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 



4720. The method of claim 4703, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react wi/nin the formation to increase a H2 
concentration within the produced second Synthesis gas. 

472 1 . The method of claim 4703, whe/ein blending a portion of the first synthesis gas 
with a portion of the second synthesis £as comprises producing an intermediate mixture 
having a H2 to CO mixture of less than the selected ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce an amount of CO and increase an amount of H2 to 
produce the selected ratio of H2 to <f,0. 

4722. The method of claim 470/?, further comprising removing an excess of first 
synthesis gas from the first portion to have an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an amount of CO and increase an amount of H2 before 
blending the first synthesis oas with the second synthesis gas. 

4723. The method of claini 4703, further comprising removing the first synthesis gas 
from the formation undey pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 



4724. The method on claim 4703, further comprising removing the second synthesis gas 
from the formation uijider pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. 



4725. The method 
blended synthesis 



of claim 4703, further comprising generating electricity from the 
gas using a fuel cell. 
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4726. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent portion of 
the formation. 

4727. The method of claim 4703, further comprising using at least a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 

4728. The method of claim 4703, further comprising allowing the heat to transfer from 
the one or more heat sources to the selectedysection to substantially uniformly increase a 
permeability of the selected section. 

4729. The method of claim 4703, further comprising controlling heat transfer from the 
one or more heat sources to produce a ^permeability within the selected section of greater 
than about 100 millidarcy. 

4730. The method of claim 4703, /further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

473 1 . The method of claim 4#03, wherein the temperature sufficient to allow synthesis 
gas generation is within a ranee from approximately 400 °C to approximately 1200 °C. 

4732. The method of claim 4703, wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellboresf, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat An the zones; and 
transferring heat from the zones to the selected section. 

4733. The method of claim 4703, wherein heatinsthe second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the^zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4734. The method of claim 4703, wherein heating the first portion of the selected 
section to a temperature sufficient to/allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing muid substantially by convection into the first portion 
of the selected section, wherein the first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing flpid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 

4735. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the second 
portion of the selected sec/ion, wherein the second portion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 
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reacting the oxidizing fluid within the second portion of the selected section to 
generate heat and raise the temperature of the second Portion. 

4736. The method of claim 4703, wherein the one/or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4737. The method of claim 4703, wherein the /me or more heat sources comprises one 
or more natural distributor combustors. 

4738. The method of claim 4703, wherein/he one or more heat sources comprise one or 
more heater wells, wherein at least one header well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4739. The method of claim 4703, wherein heating the first portion of the selected 
section to a temperature sufficient to/allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 

4740. The method of claim 4706, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 

4741 . The method of claim/4703, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature witnin the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4742. The method of claim 4703, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
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fluid to maintain a temperature within the second portion of the selected section above 
the temperature sufficient to generate synthesis gas. / 

4743. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises liquid water. / 

4744. The method of claim 4703, wherein the secona synthesis gas generating fluid 
comprises liquid water. / 

4745. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises steam. / 

4746. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises steam. / 

4747. The method of claim 4703, whereirythe first synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section/ 

4748. The method of claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4749. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 

4750. The method of claim 474j 
second synthesis gas generating r 
formation. 

\ 



J, wherein a portion of the carbon dioxide within the 
luid comprises carbon dioxide removed from the 
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475 1 . The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4752. The method of claim 475 1 , wherein a portion if the carbon dioxide within the 
first synthesis gas generating fluid comprises carbory dioxide removed from the 
formation. 

4753. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide/ 

4754. The method of claim 4753, whereiiya portion of the carbon dioxide within the 
second synthesis gas generating fluid corryprises carbon dioxide removed from the 
formation. 

4755. The method of claim 4703, wherein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 

4756. The method of claim 4703r, wherein providing the second synthesis gas generating 
fluid to the second portion of the/ selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 

4757. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the first portion of 
the selected section to increase a FT? concentration within the produced first synthesis gas. 



4758. The method of claijhi 4703, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H2 concentration wfthin the produced second 
synthesis gas. / 

4759. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbom numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within ihe first portion of the selected section to 
increase an energy content of the produced firsrc synthesis gas. 

4760. The method of claim 4703, whereinyihe second synthesis gas generating fluid 
comprises water and hydrocarbons having/carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energy content omhe second produced synthesis gas. 

4761 . The method of claim 4703, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 

4762. The method of claim 470p, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4763. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 
the formation. / 

4764. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4765. The method of dlaim 4703, further comprising using a portion of the first 
synthesis gas as a combustion fuel for the one or more heat sources. 
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4766. The method of claim 4703, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 

4767. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or mor/heat sources. 

4768. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the . 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from/the formation; 

heating at least a portion of the selected section to a temperature sufficient to ' 
generate synthesis gas; / 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4769. The method of claim 476$, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4770. The method of claim 4(768, wherein the selected ratio is controlled to be 
approximately 2:1 H2toCO. 
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4771. The method of claim 4768, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H2to COV 

4772. The method of claim 4768, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. / 

4773. The method of claim 4768, wherein thjt selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. 

4774. The method of claim 4768, furthe/ comprising providing at least a portion of the 
produced synthesis gas to a condensablmiydrocarbon synthesis process to produce 
condensable hydrocarbons. / 

4775. The method of claim 4774, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsdn process. 

4776. The method of claim 4775, further comprising cracking at least a portion of the 
condensable hydrocarbons to fomn middle distillates. 

4777. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4778. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

4779. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas jfo a gasoline-synthesis process to produce gasoline. 

4780. The method otfclaim 4768, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 
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4781. The method of claim 4768, further comprising Controlling heat transfer from the 
one or more heat sources to produce a permeability v^ithin the selected section of greater 
than about 100 millidarcy. / 

4782. The method of claim 4768, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during syntnesis gas generation. 

4783. The method of claim 4768, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4784. The method of claim 4768, whereih heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the neaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; / 

introducing the oxidizing flu/d to the zones substantially by diffusion; 

allowing the oxidizing fluid/to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones t© the selected section. 

4785. The method of claim 4768, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 
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4786. The method of claim 4768, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. / 

4787. The method of claim 4768, wherein the one or more heat sources comprises one 
or more natural distributor combustors. / 

4788. The method of claim 4768, wherein the/one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4789. The method of claim 4768, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at leatf the portion of the selected section comprises 
introducing steam into the portion. / 

4790. The method of claim 4768, nirther comprising controlling the heating of at least 
the portion of selected section androrovision of the synthesis gas generating fluid to 
maintain a temperature within at yeast the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4791. The method of claim 4/68, wherein the synthesis gas generating fluid comprises 
liquid water. / 

4792. The method of claimf 4768, wherein the synthesis gas generating fluid comprises 
steam. / 

4793. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 
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4794. The method of claim 4793, wherein a portion of the ^carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4795. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon ^dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

4796. The method of claim 4795, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4797. The method of claim 4768, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into thp at least the portion of the selected section. 

4798. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having car ©on numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4799. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content 6f the produced synthesis gas. 

4800. The method of claim 4768, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4801. The method off claim 4768, further comprising generating electricity from the 
synthesis gas using a fuel cell. 
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4802. The method of claim 4768, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4803. The method of claim 4768, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4804. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer fromihe one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within ihe selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; / 

controlling a temperature m or proximate to a synthesis gas production well to 
generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis eas; and 

producing synthesis gas from the formation. 

4805. The method of claim 4804, wherein the one or more heat sources comprise at 
least two heat sources, ana wherein superposition of heat from at least the two heat 
sources pyrolyzes at leasi some hydrocarbons within the selected section of the 
formation. / 

4806. The method of claim 4804, wherein the selected ratio is controlled to be 
approximately 2:1 Hi to CO. 
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4807. The method of claim 4804, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 fyta CO. 

4808. The method of claim 4804, wherein the/selected ratio is controlled to be 
approximately 3:1 H2 to CO. / 

4809. The method of claim 4804, wherein me selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:l/H2to CO. 

4810. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. / 

4811. The method of claim 48 1 0, wnerein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropscn process. 

4812. The method of claim 48 1 1 / further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

48 1 3. The method of claim 48D4, further comprising providing at least a portion of the 
produced synthesis gas to a cayalytic methanation process to produce methane. 

48 1 4. The method of claim #804, further comprising providing at least a portion of the 
produced synthesis gas to a pethanol-synthesis process to produce methanol. 

4815. The method of clai: 
produced synthesis gas to 



4804, further comprising providing at least a portion of the 
gasoline-synthesis process to produce gasoline. 
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4816. The method of claim 4804, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to/substantially uniformly increase a 
permeability of the selected section. 

4817. The method of claim 4804, further compris/ing controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4818. The method of claim 4804, further co/mprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4819. The method of claim 4804, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from/approximately 400 °C to approximately 1200 °C. 

4820. The method of claim 4804, Avherein heating at least the portion of the selected 
section to a temperature sufficient/to allow synthesis gas generation comprises: 

heating zones adjacent tonvellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



4821 . The method of claim 4804, wherein heating at least the portion of the selected 
section to a temperature /sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4822. The method of claim 4804, wherein the orje or more heat sources comprise one or 
more electrical heaters disposed in the formatior 



Si s 



10 4823. The method of claim 4804, wherein ttje one or more heat sources comprises one 
or more natural distributor combustQrs. 

4824. The method of claim 4804, whereifi the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
15 the formation, and further comprising gating the conduit by flowing a hot fluid through 
the conduit. 
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4825. The method of claim 4804, ^herein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to a/ least the portion of the selected section comprises 
introducing steam into the portion 
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4826. The method of claim 4804, further comprising controlling the heating of at least 
the portion of selected sectioryand provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4827. The method of cla/m 4804, wherein the synthesis gas generating fluid comprises 
liquid water. 
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4828. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
steam. 

4829. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide/inhibits production of carbon 
dioxide from the selected section. 

4830. The method of claim 4829, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

483 1. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of th^carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4832. The method of claim 483 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4833. The method of claim 4804, \vherein providing the synthesis gas generating fluid 
to at least the portion of the selected^ section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4834. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a/H2 concentration within the produced synthesis gas. 



4835. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

V 
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4836. The method of claim 4804, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4837. The method of claim 4804, further compri/ing generating electricity from the 
synthesis gas using a fuel cell. 

4838. The method of claim 4804, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4839. The method of claim 4804, fiitther comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4840. A method of treating a hjprocarbon containing formation in situ, comprising: 
providing heat from one/or more heat sources to at least a portion of the 

formation; 

allowing the heat to ti&nsfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysls products from the formation; 

heating at least abortion of the selected section to a temperature sufficient to 
generate synthesis gas; J 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H2 to CO ratio different than a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation; 



providing 



t least a portion of the produced synthesis gas to a shift process 



wherein an amount of carbon monoxide is converted to carbon dioxide; 
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separating at least a portion of the carbon dioxide to obtain a gas having a selected 
H 2 to CO ratio. / 

4841 . The method of claim 4840, wherem the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4842. The method of claim 4840, wherein the selected ratio is controlled to be 
approximately 2: 1 H2 to CO. / 

4843. The method of claim 4840, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 H/to CO. 

4844. The method of claim #840, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to COt 

4845. The method of claim 4840, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.£:lH2to CO. 

4846. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 

4847. The method/of claim 4846, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

4848. The method of claim 4847, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 



\ 
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4849. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 



4850. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

485 1 . The method of claim 4840, further/comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synpesis process to produce gasoline. 

4852. The method of claim 4840, furtner comprising allowing the heat to transfer from 
the one or more heat sources to the se/ected section to substantially uniformly increase a 
permeability of the selected section. / 

4853. The method of claim 4840, /further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4854. The method of claim 484f0, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4855. The method of claim 4840, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4856. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at leastja portion of the carbon- 
containing material within the zones to produce heat/in the zones; and 
transferring heat from the zones to the selected secnon. 
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5 4857. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of thjfe selected section is at a temperature sufficient 
10 to support an oxidization reaction with tMe oxidizing fluid; and 

reacting the oxidizing fluid wimin the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4858. The method of claim 4840, wherein the one or more heat sources comprise one or 
15 more electrical heaters disposed irythe formation. 

4859. The method of claim 4840, wherein the one or more heat sources comprises one 
or more natural distributor compustors. 

20 4860. The method of claim 4840, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



4861 . The method of cpim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



30 4862. The method of claim 4840, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. j 

/' 

4863. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
liquid water. 

4864. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
steam. 

4865. The method of claim 4840, wherein the/synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carboi/dioxide inhibits production of carbon 
dioxide from the selected section. 

4866. The method of claim 4865, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4867. The method of claim 4840, wherein the synthesis gas generating fluid comprises 

ion c 

formation to generate carbon monoxide. 



carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 



4868. The method of claim 4867, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4869. The method of claim^4840, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to/flow into the at least the portion of the selected section. 



4870. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 
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4871 . The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greatef than 4, and wherein at least a 
portion of the hydrocarbons react within at least theypojrtion of the selected section to 
increase an energy content of the produced synthe/is gas. 

4872. The method of claim 4840, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4873. The method of claim 4840, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4874. The method of claim 4840, rarther comprising generating electricity from the 
synthesis gas using, a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4875. The method of claim 4840, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4876. A method of forming a spent portion of formation within a hydrocarbon 
containing formation, comprising: 

heating a first portion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling the first ponion. 

4877. The method of clain 
transferring heat to the first 



l 4876, wherein heating the first portion comprises 
portion from one or more electrical heaters. 
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4878. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more natural distributor combustors. 

fe first portion comprises 
flameless distributor combustors. 

4880. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from heat transfer fluid flowing within one or more 
wellbores within the formation. / 

4881. The method of claim 4880, wherein /he heat transfer fluid comprises steam. 

4882. The method of claim 4880, where/in the heat transfer fluid comprises combustion 
products from a burner. / 

4883. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at least twa heater wells are placed in a substantially regular 
pattern, wherein the substantial lyyregular pattern comprises repetition of a base heater 
unit, and wherein the base heater unit is formed of a number of heater wells. 

4884. The method of claim 4883, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 1 5 m. 

4885. The method of clairti 4883, further comprising removing fluid from the formation 
through one or more production wells. 

4886. The method of claim 4885, wherein the one or more production wells are located 
in a pattern, and wherep the one or more production wells are positioned substantially at 
centers of base heater units. 



4879. The method of claim 4876, wherein heating i 
transferring heat to the first portion from one or mor 
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4887. The method of claim 4883, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral trian 



4888. The method of claim 4883, wherein the heatef unit comprises four heater wells 
positioned substantially at apexes of a rectangle. / 

4889. The method of claim 4883, wherein the neater unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4890. The method of claim 4883, wherein/the heater unit comprises six heater wells 
positioned substantially at apexes of a regular hexagon. 

4891 . The method of claim 4876, furttter comprising introducing water to the first 
portion to cool the formation. / 

4892. The method of claim 4876, further comprising removing steam from the 
formation. / 

4893. The method of claim 4892, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4894. The method of claim 4876, further comprising removing pyrolyzation products 
from the formation. / 

4895. The method of claim 4876, further comprising generating synthesis gas within the 
portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 

4896. The method of daim 4876, further comprising heating a second section of the 
formation to pyrolyze Hydrocarbons within the second portion, removing pyrolyzation 




971 



Conley. Rose & Tayon. P.C. 



fluid from the second portion, and storing a portion of the removed pyrolyzation fluid 
within the first portion. / « 

4897. The method of claim 4896, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 

4898. The method of claim 4896, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzatioryfluid from the first portion. 

4899. The method of claim 4876, further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthe/sis gas within the first portion. 

4900. The method of claim 4899, Wnerein the portion of the removed synthesis gas from 
the second portion are stored withiiy the first portion when surface facilities that process 
the removed synthesis gas are not able to process the portion of the removed synthesis 
gas. / 

4901 . The method of claim 4809, further comprising heating the first portion to 
facilitate removal of the storecy synthesis gas from the first portion. 

4902. The method of claim/4876, further comprising removing at least a portion of 
carbon containing material m the first portion and, further comprising using at least a 
portion of the carbon containing material removed from the formation in a metallurgical 
application. / 

4903. The method of cyaim 4902, wherein the metallurgical application comprises steel 
manufacturing. / 
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4904. A method of sequestering carbon dioxide within a hydrocarbon containing 
formation, comprising: 

heating a portion of the formation to increase perjpeability and form a 
substantially uniform permeability within the portion; 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 

4905. The method of claim 4904, wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4906. The method of claim 4904, further comprising raising a water level within the 
portion to inhibit migration of the carbon aioxide from the portion. 

4907. The method of claim 4904, further comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 

4908. The method of claim 4904, mrther comprising pyrolyzing hydrocarbons within 
the portion during heating of the portion, and removing pyrolyzation product from the 
formation. 

4909. The method of claim 49j64, further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 

4910. The method of claim .4904, wherein heating the portion comprises: 
heating carbon containing material adjacent to one or more wellbores to a 

temperature sufficient to support oxidation of the carbon containing material with an 
oxidizing fluid; j 

introducing the oxidizing fluid to carbon containing material adjacent to the one 
or more wellbores to oxidize the hydrocarbons and produce heat; and 



conveying producjed heat to the portion. 
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491 1 . The method of claim 4910, wherein heating carbon containing material adjacent 
to the one or more wells comprises electrically heatingythe carbon containing material. 

4912. The method of claim 4910, wherein the temperature sufficient to support 
oxidation is in a range between approximately 2O0°C to approximately 1200 °C. 

4913. The method of claim 4904, wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wdls within the formation. 

4914. The method of claim 4913, wherein the heat transfer fluid comprises combustion 
products from a burner. / 

491 5. The method of claim 491 3, wherein the heat transfer fluid comprises steam. 

4916. The method of claim 4904, Airther comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 

4917. The method of claim 4904, further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. / 

4918. The method of claim 4904, further comprising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

4919. The method of cyaim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 

4920. The method on claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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492 1 . The method of claim 4904, further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from the formation as steam. 

4922. The method of claim 492 1 , further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. / 

4923. The method of claim 4904, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

4924. The method of claim 4904, wherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbonyuioxide and other fluid through the portion; 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream fromythe formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of the adsorbed carbon dioxide in the second stream. 

4925. The method of claim 4904, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4926. The method of claim 4904, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the/formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4927. The method of/claim 4904, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4928. A method of in situ sequestration of carbon dioxide within a hydrocarbon 
containing formation in situ, comprising: 

providing heat from one or more heat sources to ?d least a first portion of the 
formation; 

allowing the heat to transfer from one or more/sources to a selected section of the 
formation such that the heat from the one or more h/at sources pyrolyzes at least some of 
the hydrocarbons within the selected section of th^ formation; 

producing pyrolyzation fluids, wherein tl/e pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dioxide iA the formation, wherein the amount of 
stored carbon dioxide is equal to or greater jazxx an amount of carbon dioxide within the 
pyrolyzation fluids. 

4929. The method of claim 4928, whe/ein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4930. The method of claim 4928/ wherein the carbon dioxide is stored within a spent 
portion of the formation. 

493 1 . The method of claim 49^8, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

4932. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzatiojn fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 

4933. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
generating fluid for the generation of synthesis gas from a section of the formation that is 
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heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. / * 

4934. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide to displace 
hydrocarbon bed methane. / 

4935. The method of claim 4934, wherein the t/ydrocarbon bed is a deep hydrocarbon 
bed located over 760 m below ground surface./ 

4936. The method of claim 4934, further afcmprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. / 

4937. The method of claim 4928, furtbier comprising using at least a portion of the 
pyrolyzation fluids as a feed stream far a fuel cell. 

4938. The method of claim 4937, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by the fuel cell within the formation. 

4939. The method of claim 4928, wherein a spent portion of the formation comprises 
carbon containing material Within a section of the formation that has been heated and 
from which condensable hjprocarbons have been produced, and wherein the spent 
portion of the formation i^at a temperature at which carbon dioxide adsorbs onto the 
carbon containing material. 

4940. The method of claim 4928, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 

4941 . The method of claim 4928, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 
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4942. The method of claim 4928, wherein producing fluids from the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into the ^elected section; and removing 
synthesis gas from the formation. 

4943. The method of claim 4942, wherein the temperature sufficient to generate 
synthesis gas ranges from about 400 °C to about/i200 °C. 

4944. The method of claim 4942, wherein heating the selected section comprises 
introducing an oxidizing fluid into the selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4945. The method of claim 4942, wherein heating the selected section comprises: 
heating carbon containing material adjacent to one or more wellbores to a 

temperature sufficient to support exudation of the carbon containing material with an 
oxidant; 

introducing the oxidantAo carbon containing material adjacent to the one or more 
wellbores to oxidize the hydrocarbons and produce heat; and 
conveying produced/neat to the portion. 

4946. The method of claim 4928, wherein the spent portion of the formation comprises 
a substantially uniform /permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 

4947. The methocyof claim 4928, wherein the one or more heat sources comprise 
electrical heaters. 

4948. The metnod of claim 4928, wherein the one or more heat sources comprise 
flameless distributor combustors. 
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4949. The method of claim 4948, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from theAbrmation. 

4950. The method of claim 4928, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 

495 1 . The method of claim 4950, wherein the heat transfer fluid comprises combustion 
products. / 

4952. The method of claim 4950, wherein the heat transfer fluid comprises steam. 

4953. The method of claim 4928, wnerein condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
produced fluids through a turbine. / 

4954. The method of claim 4928, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4955. The method of claim 4928, further comprising providing heat from three or more 
heat sources to at least ayportion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4956. A method for in situ production of energy from a hydrocarbon containing 
formation, comprising: 

providing neat from one or more heat sources to at least a portion of the 
formation; / 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the prie or more heat sources pyrolyzes at 



least a portion of the hydrocarbons within the selected section of the formation; 
producing pyrolysis products from the formation; 

providing at least a portion of the pyroLysis products to a reformer to generate 
synthesis gas; / 

producing the synthesis gas from the reformer; 

providing at least a portion of the oroduced synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces' a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 

4957. The method of claim 4956, wherein the one or more heat sources comprise at 
least two heat sources, and wherein/superposition of heat from at least the two heat 
sources pyrolyzes at least some h)jurocarbons within the selected section of the 
formation. 

4958. The method of claim 49^6, wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer. 

4959. The method of claim/4956, wherein the synthesis gas comprises substantially of 
H 2 . 

4960. The method of cla/m 4956, wherein the subsurface formation is a spent portion of 
the formation. 

496 1 . The method of claim 4956, wherein the subsurface formation is an oil reservoir. 

4962. The method of/claim 4961 , wherein at least a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recovery in the oil reservoir. 



V 



980 



Conley. Rose & Tayon. P C. 



4963. The method of claim 4956, wherein the subsurface formation is a hydrocarbon 
formation. / 

4964. The method of claim 4956, wherein at least a ponion of the carbon dioxide is used 
to produce methane from the hydrocarbon formation. / 

4965. The method of claim 4963, wherein the coatf formation is located over about 760 
m below ground surface. / 

4966. The method of claim 4964, further comprising sequestering at least a portion of 
the carbon dioxide within the hydrocarbon formation. 

4967. The method of claim 4956, wherein the reformer produces a reformer carbon 
dioxide containing exit stream. / 

4968. The method of claim 4966, further comprising storing at least a portion of the 
carbon dioxide in the reformer carbon dioxide containing exit stream in the subsurface 
formation. / 

4969. The method of claim 4968, wherein the subsurface formation is a spent portion of 
the formation. / 

4970. The method of clainy4968, wherein the subsurface formation is an oil reservoir. 

4971 . The method of claim 4970, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 

4972. The method of/claim 4968, wherein the subsurface formation is a hydrocarbon 
formation. / 
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4973. The method of claim 4872, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is yteh to produce methane from the 
hydrocarbon formation. 

7 / 

4974. The method of claim 4972, wherein^e hydrocarbon formation is located over 
about 760 m below ground surface. 

4975. The method of claim 4973, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer capon dioxide containing exit stream within the 
hydrocarbon formation. 

4976. The method of claim 4956/ wherein the fuel cell is a molten carbonate fuel cell. 

4977. The method of claim 4956, wherein the fuel cell is a solid oxide fuel cell. 

4978. The method of claim 4956, further comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 

4979. The method of claim 4956, further comprising using a portion of the produced 
pyrolysis products as a feed stream for the fuel cell. 

4980. The method of claim 4956, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

498 1 . The method ob claim 4956, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4982. The method pf claim 4981, wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 
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4983. The method of claim 4956, wherein the one of more heat sources comprise one or 
more heater wells, wherein at least one heater well/comprises a conduit disposed within 
the formation, and further comprising heating th/cc(nduit by flowing a hot fluid through 
the conduit. 



4984. The method of claim 4956, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4985. A method for producing ammon/a using a carbon containing formation, 
comprising: 

separating air to produce an Ok rich stream and a N2 rich stream; 

heating a selected section ofyfhe formation to a temperature sufficient to support 
reaction of carbon-containing material in the formation to form synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the O2 rich 
stream to the selected section; 

allowing the synthesis sfas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 
synthesis gas; 

producing synthesi^gas from the formation, wherein the synthesis gas comprises 
H 2 and CO; 

providing at leas^a portion of the H2 in the synthesis gas to an ammonia synthesis 
process; 

providing N2 td the ammonia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 



4986. The methoa of claim 4985, wherein the ratio of the H2 to N2 provided to the 
ammonia synthesis process is approximately 3:1. 



30 



4987. The methfod of claim 4985, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4988. The method of claim 4985, wherein the temperature sufficient to support reaction 
of carbon-containing material in the formation \<f form synthesis gas ranges from 
approximately 400 °C to approximately 1200 

4989. The method of claim 4985, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4990. The method of claim 4989, wh/rein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

4991 . The method of claim 4990, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesisrorocess to produce urea. 

4992. The method of claim 49»5, wherein at least a portion of the N2 stream is used to 
condense hydrocarbons with 4 pr more carbon atoms from a pyrolyzation fluid. 

4993. The method of claim 4985, wherein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 

4994. The method of clap 4985, wherein the air is separated by cryogenic distillation. 

4995. The method of c/aim 4985, wherein the air is separated by membrane separation. 

4996. The method of/claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of sucpi ammonia to the ammonia generated from the ammonia synthesis 
process. 

4997. The methojfl of claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
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hydrotreating, and, further comprising adding at least/a portion of such ammonia to the 
ammonia generated from the ammonia synthesis pn/cess. 



4998. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4999. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to th&urea synthesis process. 

5000. The method of claim 4985, fumher comprising providing at least a portion of the 
ammonia to a urea synthesis processAo produce urea and, further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a portion of the carbon dioxide from the shift process to the 
urea synthesis process. / 

5001 . The method of claim 4985, wherein heating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the O2 rich stream; 

introducing the O2 to the zones substantially by diffusion; 

allowing O2 p the O2 rich stream to react with at least a portion of the carbon- 
containing material/within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

5002. The method of claim 5001, wherein temperatures sufficient to support reaction of 
carbon-containing material within the zones with O2 range from approximately 200 °C to 
approximately A 200 °C. 
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5003. The method of claim 5001, wherein 
or more electrical heaters disposed in the fq 



te >one or more heat sources comprises one 
lation. 



5004. The method of claim 5001, whereip the one or more heat sources comprises one 
or more natural distributor combustors. 

5005. The method of claim 5001, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one neater well comprises a conduit disposed within 
the formation, and further comprising peating the conduit by flowing a hot fluid through 
the conduit. 

5006. The method of claim 500 1 , Airther comprising using a portion of the synthesis gas 
as a combustion fuel for the one on more heat sources. 

5007. The method of claim 4985, wherein heating the selected section of the formation 
to a temperature to support reac/ion of carbon containing material in the formation to 
form synthesis gas comprises: 

introducing the O2 richf stream into the formation through a wellbore; 

transporting O2 in the/02 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 

5008. The method of claim 5008. wherein the temperature sufficient to support an 
oxidization reaction wjth O2 ranges from approximately 200 °C to approximately 1200 
°C. 



5009. The method <j>f claim 5008, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 
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5010. The method of claim 5008, wherein the one or more heat sources comprises one 
or more natural distributor combustors. . // 

501 1. The method of claim 5008, wherein the/one or more heat sources comprise one or 
more heater wells, wherein at least one heate/well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5012. The method of claim 5008, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5013. The method of claim 4985, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

5014. The method of claim 49Jp, wherein the synthesis gas generating fluid comprises 
liquid water. / 

5015. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
steam. / 

5016. The method of clai/n 4985, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

5017. The method of alaim 5016, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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5018. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the c&rbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

5019. The method of claim 5018, where/n a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises/carbon dioxide removed from the formation. 

5020. The method of claim 4985, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5021 . A method for producing ammonia using a carbon containing formation, 
comprising: / 

generating a first ammonia feed stream from a first portion of the formation; 

generating a second ammonia feed stream from a second portion of the formation, 
wherein the second ammonia feed stream has a H2 to N2 ratio greater than a H2 to N2 ratio 
of the first ammonia feed stream; 

blending at least a portion of the first ammonia feed stream with at least a portion 
of the second ammonia feed stream to produce a blended ammonia feed stream having a 
selected H2 to N2 ratio; / 

providing the b/ended ammonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

5022. The method pf claim 502 1 , wherein the selected ratio is approximately 3:1. 

5023. The method of claim 5021, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2:1. 

5024. The method of claim 5021, further comprising separating at least a portion of 
carbon dioxide in the first ammonia feed stream from at least a portion of the first 
ammonia feed stream. 

\ 
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5025. The method of claim 5024, wherein the cAbon dioxide is separated from the first 
ammonia feed stream by an amine separator. / 

5026. The method of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process/ 

5027. The method of claim 5021, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed stream from at least a portion of the blended 
ammonia feed stream. / 

5028. The method of claim 5027, Avherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amine separator. 

5029. The method of claim 5028, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 

5030. The method of claim/5021, further comprising separating at least a portion of 
carbon dioxide in the second ammonia feed stream from at least a portion of the second 
ammonia feed stream. / 

503 1 . The method of claim 5030, wherein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5032. The method of claim 503 1, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

5033. The method of claim 5021, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the ammonia generated from the ammonia synthesis 
process. / 
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5034. The method of claim 5021, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at lea/t some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

5035. The method of claim 5021, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5036. The method of claim 5021, further comprising providing at least a portion of the 
ammonia to a urea synthesis process toyproduce urea and, further comprising providing 
carbon dioxide from the formation to me urea synthesis process. 

5037. The method of claim 502 1 , further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxiae in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process/to the urea synthesis process. 

5038. A method for producing ammonia using a carbon containing formation, 
comprising: / 

heating a selectea section of the formation to a temperature sufficient to support 
reaction of carbon-containing material in the formation to form synthesis gas; 

providing a symhesis gas generating fluid and an O2 rich stream to the selected 
section, wherein the amount of N2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selectea ratio of H2 to N2; 

allowing thef synthesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 
synthesis gas having a selected ratio of H2 to N2; 

producing the synthesis gas from the formation; 
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providing at least a portion of the H2 and N2 in the synthesis gas to an ammonia 
synthesis process; 

using the ammonia synthesis process tc/ generate ammonia. 

5039. The method of claim 5038, further/comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected H2 to 
N2 ratio. 

5040. The method of claim 5038, Wherein the selected ratio is approximately 3:1. 

5041. The method of claim 5038/ wherein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. 

5042. The method of claim 5038, wherein the temperature sufficient to support reaction 
of carbon-containing material/in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5043. The method of claim 5038, wherein the O2 stream and N2 stream are obtained by 
cryogenic separation of air. 



5044. The method of ylaim 5038, wherein the O2 stream and N2 stream are obtained by 
membrane separation of air. 



5045. The method of claim 5038, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

5046. The method of claim 5045, wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

5047. The metnod of claim 5046, further comprising providing at least a portion of the 
carbon dioxide ko a urea synthesis process. 
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5048. The method of claim 5038, wherein flinds produced during pyrolysis of a 
hydrocarbon containing formation comprise Ammonia and, further comprising adding at 
least a portion of such ammonia to the ammonia generated from the ammonia synthesis 
process. / 

5049. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

5050. The method of claim 5038/further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

505 1 . The method of claim 503 8, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5052. The method of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the/urea synthesis process. 

5053. The method of claim 5038, wherein heating a selected section of the formation to 
a temperature to support reaction of carbon containing material in the formation to form 
synthesis gas comprises: 

heating z6nes adjacent to wellbores of one or more heat sources with heaters 
disposed in the ywellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the O2 rich stream; 
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introducing the O2 to the zones substantially by diffusion; 
allowing O2 in the O2 rich stream^ react with at least a portion of the carbon- 
containing material within the zones to/jsroduce heat in the zones; and 
transferring heat from the zones to the selected section. 

5054. The method of claim 5053,/wherein temperatures sufficient to support reaction of 
carbon-containing material withiiy the zones with O2 range from approximately 200 °C to 
approximately 1200 °C. 

5055. The method of claim 5Gf53, wherein the one or more heat sources comprises one 
or more electrical heaters dis^bsed in the formation. 

5056. The method of claim 5053, wherein the one or more heat sources comprises one 
or more natural distributor/combustors. 

5057. The method of claim 5053, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and furaier comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5058. The methoa of claim 5053, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5059. The metnod of claim 5038, wherein heating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthes/s gas comprises: 

introducing the O2 rich stream into the formation through a wellbore; 

transporting O2 in the O2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 
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reacting the O2 within the portion of the s/lected section to generate heat and raise 
the temperature of the portion. / 

5060. The method of claim 5059, wherein/the temperature sufficient to support an 
oxidization reaction with O2 ranges from a/pproximately 200 °C to approximately 1200 
°C. / 

5061. The method of claim 5059, wnerein the one or more heat sources comprises one 
or more electrical heaters disposed/in the formation. 

5062. The method of claim 50i>9, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

5063. The method of claim 5059, wherein the one or more heat sources comprise one or 
more heater wells, where/n at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5064. The method/of claim 5059, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5065. The mepod of claim 5038, further comprising controlling the heating of at least 
the portion ofihe selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

5066. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
liquid water. 

5067. / The method of claim 5038, wherein the synthesis gas generating fluid comprises 
steam. 
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5068. The method of claim 5038, wherein the /ynthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carboiyaioxide inhibits production of carbon 
dioxide from the selected section. 

5069. The method of claim 5068, whei^in a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5070. The method of claim 5038/wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5071 . The method of claim 5070, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5072. The method of claim 5038, wherein providing the synthesis gas generating fluid 



to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



5073. A methodyfor producing ammonia using a carbon containing formation, 
comprising: / 

providing a first stream comprising N2 and carbon dioxide to the formation; 
allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; / 

producing a second stream from the formation, wherein the second stream 
comprises/a lower percentage of carbon dioxide than the first stream; 

providing at least a portion of the N2 in the second stream to an ammonia 
synthesis process. 

5074. / The method of claim 5073, wherein the second stream comprises H2 from the 

formation. 

/ 



995 



Conley, Rose & Tayon. P.C. 



5075. The method of claim 5073, wherein the first stream is produced from a carbon 
containing formation. / 

5076. The method of claim 5075, whereirf the first stream is generated by reacting a 
oxidizing fluid with carbon containing material in the formation. 

5077. The method of claim 5073, wherein the second stream comprises H 2 from the 
formation and, further comprising providing such H2 to the ammonia synthesis process. 

5078. The method of claim 5073/further comprising using the ammonia synthesis 
process to generate ammonia. / 

5079. The method of claim 5078, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the ammonia generated from the ammonia synthesis 
process. / 

5080. The method ofyfclaim 5078, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and rarther comprising adding at least a portion of such ammonia to the 
ammonia generates from the ammonia synthesis process. 

5081 . The metnod of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5082. The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 
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5083. The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. / 

5084. A method of treating a hydrocarbon (Containing permeable formation in situ, 
comprising: / 

providing heat from one or more neat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from/the one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the/permeable formation such that the heat from the one or more 
heat sources can pyrolyzeat least some of the hydrocarbons within the selected 
pyrolyzation section of me permeable formation; 

controlling the neat from the one or more heat sources such that an average 
temperature within atAeast a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; and 

producing 4 mixture from the permeable formation. 

5085. The method of claim 5084, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the/permeable formation. 
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5086. The method of claim 5084, wherein the one^f more heat sources comprise at 
least two heat sources, and wherein superpositkm of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 

5087. The method of claim 5084, vyfierein the one or more heat sources comprise 
electrical heaters. 

5088. The method of claim 5/)84, wherein the one or more heat sources comprise 
surface burners. 

5089. The method of cl4im 5084, wherein the one or more heat sources comprise 
flameless distributed combustors. 



5090. The methoaof claim 5084, wherein the one or more heat sources comprise natural 
distributed combustors. 



5091. . The method of claim 5084, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5092. The method of claim 5084, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressur/. 



5093/ The method of claim 5084, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 



5094. The method of claim 5084, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 

If 
ii 

formation. p B is formation buljt density, and wherein the heating rate is less than about 10 
°C/day. 

5095. The method of claim 5084, wherein allowing the heat to transfer from the one or 
more heat sources to the/selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5096. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. 

5097. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons/ when calculated on an atomic basis, is nitrogen. 

5098. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 



5099. The method of claim 5084, wherein the produced mixture comprises sulfur, and 
wherein less than about 5 % by weight, of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 
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5 100. The method of claim 5084, further comprising controlling a pressure within at 
least a majority of the permeable formation, ^vherein the controlled pressure is at least 
about 2 bar absolute. 

5101. The method of claim 5084, farmer comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5 102. The method of claim 5084, further comprising: 
providing hydrogen (H2)/to the heated section to hydrogenate hydrocarbons within 

the section; and 

heating a portion of thfe section with heat from hydrogenation. 

5 103. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 104. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 



5 105. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is cor^rolled such that the mixture can be produced from the permeable 
formation, arjd wherein the production well is disposed substantially horizontally within 
the permeabfe formation. 



5106. The 
stream and i 



nethod of claim 5084, further comprising separating the mixture into a gas 
liquid stream. 
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5 107. The method of claim 5084, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 



5 108. The method of claim 5084, wherein the mixture is produced from a production 
well, the method further comprising heating aXvellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5 1 09. The method of claim 5084, wherein the mixture is produced from a production 
well, wherein a wellbore of the product/on well comprises a heater element configured to 
heat the permeable formation adjacenyto the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5110. The method of claim 508f , wherein a minimum mobilization temperature is about 
75 °C. 

5111. The method of claim ^084, wherein a minimum pyrolysis temperature is about 
270 °C. 

5112. The method of claiAi 5084, further comprising maintaining the pressure within the 
permeable formation aboye about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 22 



5113. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids wjthin the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 



production of non-condensable fluids. 
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5114. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric /pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5115. The method of claim 5084, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5116. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured toyincrease a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5117. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. 



5118. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is'configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrogen. 



5119. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein theljas is configured to increase a flow of the mobilized 
hydrocarbons from the! selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
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controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 

5120. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase A flow of the mobilized 
hydrocarbons from the selected mobilization secticm of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such/that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. 

5121. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the /permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 70 
bar absolute. 



5 122. A method of treating f. hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat fron/ one or more heat sources to at least one portion of the 
permeable formation; 

allowing the heat/to transfer from the one or more heat sources to a selected 
mobilization section of ihe permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section ox the permeable formation; 

controlling the heat from the one or more heat sources such that an average 



temperature within ai 
permeable formation 



least a majority of the selected mobilization section of the 
is less than about 150°C; 
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allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbon^ within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more hedt sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; and 

producing a mixture from the pefrneable formation. 

5123. The method of claim 5122, wnerein the one or more heat sources comprise at 
least two heat sources, and wherein/ superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5124. The method of claim 5122, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable f/ormation. 

5 125. The method of </laim 5 122, wherein the one or more heat sources comprise 
electrical heaters. 

5126. The method <j5f claim 5122, wherein the one or more heat sources comprise 
surface burners. 



5127. The methotj of claim 5122, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5128. The method of claim 5 122, wherein the one or more heat sources comprise natural 
distributed combustors. 



5 129. The method of claim 5 122, further comprising/disposing the one or more heat 
sources horizontally within the permeable formation 

5 130. The method of claim 5 122, further composing controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or th^ temperature is controlled as a function of 
pressure. 

5131. The method of claim 5122, further comprising controlling the heat such that an 
average heating rate of the selected pyryolyzation section is less than about 15 °C/day 
during pyrolysis. 

5132. The method of claim 5 1 22,/wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein theheating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated/by the equation: 

Pwr = h*V*C v *pl 



wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is format/on bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



5 133. The method of claim 5 122, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 
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5134. The method of claim 5122, wherein producing the mixture from the permeable 
formation further comprises producing a mixture having an API gravity of at least about 
25°. / 

5135. The method of claim 5122, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 %r by weight, of the condensable 
hydrocarbons, when calculated on an atomic ba&is, is nitrogen. 

5136. The method of claim 5122, wherein/fhe produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiu 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5137. The method of claim 5 122, wMerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiv about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5138. The method of claim 5 122, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. / 

5139. The method of clairn 5122, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5 140. The method of claim 5 122, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion/of the section with heat from hydrogenation. 
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5141. The method of claim 5 1 22, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion/tf the produced hydrogen. 

5 142. The method of claim 5122, wherein producing Xh& mixture from the permeable 
formation further comprises producing mixture in a production well, wherein the heating 
is controlled such that the mixture can be produced from the permeable formation, and 
wherein at least about 4 heat sources are disposed irithe permeable formation for each 
production well. / 

5143. The method of claim 5 122, wherein producing the mixture from the permeable 
formation further comprises producing mixtu/e in a production well, wherein the heating 
is controlled such that the mixture can be produced from the permeable formation, and 
wherein the production well is disposed substantially horizontally within the permeable 
formation. / 

5144. The method of claim 5122, further comprising separating the mixture into a gas 
stream and a liquid stream. / 

5 145. The method of claim 5122 Jiirther comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5 146. The method of claim 5122, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5 147. The method of claim 5122, wherein the mixture is produced from a production 
well, wherein a wellbore off the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
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permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 



5 148. The method of claim 5122, wherein a mininpm mobilization temperature is about 
75 °C 

5149. The method of claim 5122, wherein a Minimum pyrolysis temperature is about 
270 °C. 

5 1 50. The method of claim 5 122, furthe/ comprising maintaining the pressure within the 
permeable formation above about 2 baryabsolute to inhibit production of fluids having 
carbon numbers above 25. 

5151. The method of claim 5 1 22,/further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensaole fluids. 

/ 

5 1 52. The method of claim 5 122, further comprising controlling pressure within the 
permeable formation in/a range from about atmospheric pressure to about 100 bar 
absolute, as measured/at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 



5153. The methyd of claim 5122, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 



5 1 54. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
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hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation 

5 1 55. The method of claim 5 122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increasie a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. 

5156. The method of claim 5 1 22, further Comprising providing a gas to the permeable 
formation, wherein the gas is configured jo increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the pe/meable formation, and wherein the gas comprises 
nitrogen. 

5157. The method of claim 5 1 227fiirther comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 



5158. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. 
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5159. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization sectionaof the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such mat the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 100 
bar absolute. / 

5 1 60. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat fronythe one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less thAn about 150°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the nfermeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at leait a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing at leasy some of the mobilized hydrocarbons to flow from the selected 
mobilization section on the permeable formation to the selected pyrolyzation section of 
the permeable formation; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
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the permeable formation to the selected pyrolyzation section of the permeable formation; 
and 

producing a mixture from the permeable fcrmation. 

5161. The method of claim 5 1 60, wherein thfe one or more heat sources comprise at 
least two heat sources, and wherein the heayfrom the one or more heat sources can 
mobilize at least some of the hydrocarbon/ within the selected mobilization section of the 
permeable formation. 

5 162. The method of claim 5 160, wherein the one or more heat sources comprise at 
least two heat sources, and wherein tne heat from the one or more heat sources can 
pyrolyze at least some of the hydrocarbons within the selected pyrolyzation section of the 
permeable formation. 

5163. The method of claim 516/), wherein the one or more heat sources comprise 
electrical heaters. 

5164. The method of claim $160, wherein the one or more heat sources comprise 
surface burners. 

5165. The method of claihi 5160, wherein the one or more heat sources comprise 
flameless distributed conroustors. 

5 166. The method of qflaim 5 160, wherein the one or more heat sources comprise natural 
distributed combustors/ 

5167. The method of claim 5160, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 



5168. The method 
temperature within 



)f claim 5160, further comprising controlling a pressure and a 
it least a majority of the permeable formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5 169. The method of claim 5 160, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation/section is less than about 15 °C/day 
during pyrolysis. / 

5 1 70. The method of claim 5 1 60, whereiX providing heat from the one or more heat 
sources to at least the portion of permeal/le formation comprises: 

heating a selected volume (V) or the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(G), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/equation: 

Pwr = h*V*C v *p B / 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bu]k density, and wherein the heating rate is less than about 10 
°C/day. j 

5171. The method of claim 5 1 60, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5 1 72. The method of alaim 5 160, wherein producing mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. / 

5 1 73. The method op claim 5 160, wherein the produced mixture comprises condensable 
hydrocarbons- and wlierein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when Calculated on an atomic basis, is nitrogen. 
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5 1 74. The method of claim 5 160, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis,/fsoxygen. 



51 75. The method of claim 5160, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5/% by weight, of the condensable 
hydrocarbons, when calculated on an atomdc basis, is sulfur. 

10 5176. The method of claim 5 1 60, further comprising controlling a pressure within at 
least a majority of the permeable fonyfation, wherein the controlled pressure is at least 
□ about 2 bar absolute. 

m 

5 1 77. The method of claim 5 16^, further comprising altering a pressure within the 
I . I 15 permeable formation to inhibit production of hydrocarbons from the permeable formation 
^ having carbon numbers greater than about 25. 

% 51 78. The method of claim 5 160, further comprising: 

fU providing hydrogen /H2) to the heated section to hydrogenate hydrocarbons within 

m 20 the section; and 

heating a portion of the section with heat from hydrogenation. 

5 1 79. The method of claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 

25 the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5180. The method of claim 5160, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 

30 formation, and wlierein at least about 4 heat sources are disposed in the permeable 
formation for eac i production well. 



1013 Conley. Rose & Tayon. P.C. 



5181. The method of claim 5 1 60, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

5 1 82. The method of claim 5 160, father comprising separating the mixture into a gas 
stream and a liquid stream. 

5183. The method of claim 5160/ further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5184. The method of claim 5/60, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5185. The method of claim 5160. wherein the mixture is produced from a production 
well, wherein a wellbore oi the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation witn the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 



5 1 86. The method of cjlaim 5 1 60, wherein a minimum mobilization temperature is about 
75 °C. 



5187. The method of 
270 °C. 



claim 5160, wherein a minimum pyrolysis temperature is about 



V 
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5188. The method of claim 5160. further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. A 

5189. The method of claim 5160. further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wnerein the pressure is increased to increase 
production of non-condensable fluids. / 

5190. The method of claim 5 160. fupier comprising controlling pressure within the 
permeable formation in a range from/about atmospheric pressure to about 1 00 bar 
absolute, as measured at a wellhead/of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5191. The method of claim 5 1 60, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5192. The method of claim M60. wherein the provided gas comprises carbon dioxide. 

5193. The method of claim 5160, wherein the provided gas comprises nitrogen. 

5 1 94. The method of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 

5195. The method of claim 5160, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 



1015 



Conley, Rose & Tayon. P C. 



5 196. The method of claim 5 160, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about lOQ/bar absolute. 



5 197. A method of treating a hydrocarbon/containing permeable formation in situ, 
comprising: 

providing heat from one or moreyheat sources to at least one portion of the 
permeable formation; 

allowing the heat to transfer frcfm the one or more heat sources to a selected 
mobilization section of the permeable/ formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeab/e formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at le£st some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a/majority of the selected pyrolyzation section of the 
permeable formation is less/than about 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the/ permeable formation to the selected pyrolyzation section of 
the permeable formation; 

providing a gas tojthe permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
the permeable formation o the selected pyrolyzation section of the permeable formation; 

controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled; and 

producing a mixti re from the permeable formation. 
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5 198. The method of claim 5 197, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of Wfeat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5 1 99. The method of claim 5 1 97, wherein the/one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 

5200. The method of claim 5 197, wherein the one or more heat sources comprise 
electrical heaters. 

5201 . The method of claim 5 197, wherein the one or more heat sources comprise 
surface burners. 

5202. The method of claim 5 197/ wherein the one or more heat sources comprise 
flameless distributed combustors/ 

5203. The method of claim 5\f)7, wherein the one or more heat sources comprise natural 
distributed combustors. 

5204. The method of claim £ 197, further comprising disposing the one or more heat 
sources horizontally within me permeable formation. 



5205. The method of claim 5 197, further comprising controlling a pressure and a 
temperature within at least/a majority of the permeable formation, wherein the pressure is 



controlled as a function ol 
pressure. 



temperature, or the temperature is controlled as a function of 
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5206. The method of claim 5197, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 

5207. The method of claim 5 197, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (F) of themydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(C v ), and wherein the heating pyrmyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equapon: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5208. The method of claim 5 if 7, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferrins heat substantially by conduction. 

5209. The method of claim 5197, wherein producing the mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 

25°. 



5210. The method of claim 5 1 97, wherein the produced mixture comprises condensable 



hydrocarbons, and whe 
hydrocarbons, when ca 



ein less than about 0.5 % by weight, of the condensable 
culated on an atomic basis, is nitrogen. 
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5211. The method of claim 5 1 97, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weigh^of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

52 1 2. The method of claim 5 197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % py weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5213. The method of claim 5197, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 

5214. The method of claim 5 197, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5215. The method of claim 5 1 97, further comprising: 

providing hydrogen (H2) /o the heated section to hydrogenate hydrocarbons within 
the section; and 

heating a portion of the/section with heat from hydrogenation. 

5216. The method of claim 5197, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



521 7. The method of claim 5 197. wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled sjuch that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each poduction well. 



v 
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5218. The method of claim 5 1 97, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 



formation, and wherein the production well is disposed 
the permeable formation. 



substantially horizontally within 

\ 



5219. The method of claim 5197, further Comprising separating the mixture into a gas 
stream and a liquid stream. 

5220. The method of claim 5197. fu/ther comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

522 1 . The method of claim 5 ^97. wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture/within the wellbore. 

5222. The method of cla/im 5197, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore. and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 



5223 . The method jo( claim 5 1 97, wherein a minimum mobilization temperature is about 
75 °C. 



5224. The metho 
270 °C 



of claim 5197, wherein a minimum pyrolysis temperature is about 
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5225. The method of claim 5197. further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. /V 

5226. The method of claim 5 197, further comprising controlling pressure within the 
permeable formation in a range from about/atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, Wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids/ 

5227. The method of claim 5 197, Airther comprising controlling pressure within tfce 
permeable formation in a range fn&m about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5228. The method of clainyS 197, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5229. The method of claim 5197, wherein the provided gas comprises carbon dioxide. 

5230. The method of claim 5197, wherein the provided gas comprises nitrogen. 

523 1 . The method of claim 5 197, wherein the pressure of the provided gas is above 
about 2 bar absolute/ 

5232. The methoa of claim 5 197, wherein the pressure of the provided gas is below 
about 70 bar absolute. 
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5233. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from one or more heat soirees to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the ode or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the on^or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

allowing the heat to transfer/from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at leas/ some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less/than about 375°C; and 

producing a mixture from the permeable formation in a production well, wherein 
the production well is disposed substantially horizontally within the permeable formation. 

5234. The method of claim 5233, wherein the one or more heat sources comprise at 
least two heat sourceaf and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 



5235. The method of claim 5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 



sources can pyn 



section of the permeable formation. 



[yze at least some of the hydrocarbons within the selected pyrolyzation 



V 
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5236. The method of claim 5233, wherein the one or more heat sources comprise 
electrical heaters. 

5237. The method of claim 5233, wherein the one or 13/ore heat sources comprise 
surface burners. 

5238. The method of claim 5233, wherein the onp or more heat sources comprise 
flameless distributed combustors. 

5239. The method of claim 5233, wherein tl/e one or more heat sources comprise natural 
distributed combustors. 

5240. The method of claim 5233, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5241. The method of claim 5233, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5242. The method of claim 5^33, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 

5243. The method of claim 5233, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cy), and whenein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day/ h is an average heating rate of the 
formation, p B is formation bulk density, anjd wherein the heating rate is less than about 10 
°C/day. 

5244. The method of claim 5233, wl/erein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring hea/ substantially by conduction. 

5245. The method of claim 5233, wherein producing mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. 

5246. The method of cls6m 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5247. The method/of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5248. The me/hod of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein less than about 5 % by weight, of the condensable 
hydrocarbonsf, when calculated on an atomic basis, is sulfur. 



5249. The/method of claim 5233, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 



V 



1024 



Conley, Rose & Tayon. P.C. 



5250. The method of claim 5233, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

525 1 . The method of claim 5233, further comprising: 
providing hydrogen (H2) to the heatep section to hydrogenate hydrocarbons within 

the section; and 

heating a portion of the section wirfi heat from hydrogenation. 

5252. The method of claim 5233, wnerein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the metnod further comprising hydrogenating a portion of 
the produced condensable hydrocayoons with at least a portion of the produced hydrogen. 

5253. The method of claim 523B, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such thatyme mixture can be produced from the permeable 
formation, and wherein at leafct about 4 heat sources are disposed in the permeable 
formation for each production well. 

5254. The method of cla/m 5233, further comprising separating the mixture into a gas 
stream and a liquid stream. 

5255. The method of jtlaim 5233, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 



5256. The method jbf claim 5233, wherein the mixture is produced from a production 
well, the method fu ther comprising heating a wellbore of the production well to inhibit 
mixture within the wellbore. 



condensation of the 



V 
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5257. The method of claim. 5233, wherein the mixture is produced from a production 
well wherein a wellbore of the production well/omprises a heater element configured to 
heat the permeable formation adjacent to the ^ellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons pid H2. 

5258. The method of claim 5233, wher/in a minimum mobilization temperature is about 
75 °C. 



5259. The method of claim 5233, 
270 °C. 



lerein a minimum pyrolysis temperature is about 



5260. The method of claim 5235, further comprising maintaining the pressure within the 
permeable formation above abo/it 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 

526 1 . The method of claim/5233, further comprising controlling pressure within the 
permeable formation in a rafoge from about atmospheric pressure to about 100 bar 
absolute, as measured at aAvellhead of a production well, to control an amount of 
condensable fluids withirythe mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 

5262. The method onclaim 5233, further comprising controlling pressure within the 
permeable formation An a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wlfterein the pressure is increased to reduce the API gravity. 



5263. The metho 
selected mobilizat 



of claim 5233, wherein mobilizing the hydrocarbons within the 
on section comprises reducing a viscosity of the hydrocarbons. 
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5264. The method of claim 5233, further comprising aj-oviding a gas to the permeable 
formation, wherein the gas is configured to increase A flow of the mobilized 
hydrocarbons from the selected mobilization sectipn of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5265. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to/increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. 

5266. The method of claim 5233,/Wther comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section eft the permeable formation, and wherein the gas comprises 
nitrogen. 

5267. The method of claicd 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 



5268. The method/of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 



\ 
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hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. 



10 



5269. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the perme/able formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein th^ pressure of the provided gas is below about 70 
bar absolute. 



m 



m 



5270. A method of treating a hyd/ocarbon containing permeable formation in situ, 
comprising: 

providing heat from one/or more heat sources to at least one portion of the 
1 5 permeable formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the nfermeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 
20 controlling the hep from the one or more heat sources such that an average 

temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of thef mobilized hydrocarbons within the permeable formation; and 
25 producing a mixture from the permeable formation. 



30 



5271 . The method of claim 5270, wherein the one or more heat sources comprise at 
least two heat sounces. and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the perineable formation. 



\ 
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5272. The method of claim 5270, wherein the on£ or more heat sources comprise 
electrical heaters. 

5273. The method of claim 5270, wherein th£ one or more heat sources comprise 
surface burners. 

5274. The method of claim 5270, wher^n the one or more heat sources comprise 
flameless distributed combustors. 

5275. The method of claim 5270, \ykerein the one or more heat sources comprise natural 
distributed combustors. 

5276. The method of claim 5270, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5277. The method of claim 5270, further comprising controlling a pressure and a 
temperature within at least/a majority of the permeable formation, wherein the pressure is 
controlled as a function (ft temperature, or the temperature is controlled as a function of 
pressure. 



5278. The method of claim 5270, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(CV), ana wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

p wr Jh*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein tfye heating rate is less than about 10 
°C/day. 

5279. The method of claim 5270, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization ^ection comprises transferring heat 
substantially by conduction. 

5280. The method of claim 5270, furtheryfcomprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 

528 1 . The method of claim 5270, therein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least/about 4 heat sources are disposed in the permeable 
formation for each production well. 

5282. The method of claim 5270, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

5283. The methocd of claim 5270, further comprising separating the mixture into a gas 
stream and a liquid stream. 



5284. The metihod of claim 5270, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 
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5285. The method of claim .5270, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbor^ 

5286. The method of claim 5270 ; whereinAhe mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to^the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

5287. The method of claim 5270, wherein a minimum mobilization temperature is about 
75 °C. / 

5288. The method of claim 5270, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5289. The method of claim 3270, wherein the provided gas comprises carbon dioxide. 

5290. The method of claim 5270, wherein the provided gas comprises nitrogen. 

5291 . The method of claim 5270, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 

5292. The method of claim 5270, further comprising controlling a pressure of the 
provided gas such that me flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 

5293. The method ofl claim 5270, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 70 bar absolute. 
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5294. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: A 



providing heat from one or more heat sources to at least one portion of the 
permeable formation; / / 

allowing the heat to transfer from the erne or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of/he hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the onl or more heat sources such that an average 
temperature within at least a majorityM the selected mobilization section of the 
permeable formation is less than about 150°C; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized Hydrocarbons within the permeable formation; 

controlling a pressure onthe provided gas such that the flow of the mobilized 
hydrocarbons is controlled; anci 

producing a mixture from the permeable formation. 

5295. The method of claim 5294, wherein the one or more heat sources comprise at 
least two heat sources, ana wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5296. The method of claim 5294, wherein the one or more heat sources comprise 
electrical heaters. / 

5297. The method of claim 5294, wherein the one or more heat sources comprise 
surface burners. / 

5298. The method of claim 5294, wherein the one or more heat sources comprise 
flameless distributed combustors. 

I 




1032 



Conley. Rose & Tayon. P C. 



5299. The method of claim 5294, wherein the one or more heat sources comprise natural 
distributed combustors. 

, / 

5300. The method of claim 5294, further comprising disposing the one or more heat 
sources horizontally within the permeable forn^ationi 



5301 . The method of claim 5294, further (Comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature/or the temperature is controlled as a function of 
pressure. 

5302. The method of claim 5294/ wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv). and wherein tne heating pyrolyzes at least some hydrocarbons within the 
selected volume of the foimation; and 

wherein heating pergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*CJ*p B 

wherein Pwr is^the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

5303. The method of claim 5294, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section comprises transferring heat 
substantially py conduction. 



5304. The method of claim 5294, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 



about 2 bai 



absolute. 
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5305. The method of claim 5294, wherein pirt&ucing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixtureycan be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. / 

5306. The method of claim 5294, wHerein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. / 

5307. The method of claim 5294, further comprising separating the mixture into a gas 
stream and a liquid stream. / 

5308. The method of claim 5294, further comprising separating the mixture into a gas 
stream and a liquid stream/and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5309. The method of claim 5294, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

53 10. The method of claim 5294, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-c©ndensable hydrocarbons and H2. 
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53 1 1 . The method of claim 5294. wherein a minimum mobilization temperature is about 
75 °C. 



L 



53 12. The method of claim 5294, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a^viscosity of the hydrocarbons. 



5313. The method of claim 5294, wherein the/provided gas comprises carbon dioxide. 

5314. The method of claim 5294, wherein /the provided gas comprises nitrogen. 

5315. The method of claim 5294, wherein the pressure of the provided gas is above 
about 2 bar absolute. 

53 1 6. The method of claim 5294, \yherein the pressure of the provided gas is below 
about 70 bar absolute. 

53 17. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein ^he portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from dhe or more heat sources to the formation; 

allowing the heat to /transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability of at least a portion of the selected section; and 

producing a mimure comprising hydrocarbons from the formation. 



5318. The method of claim 5317, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at/least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 



V 
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5319. The method of claim 53 1 7, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected sectio/ y to create thermal fractures in the 
formation wherein the thermal fractures substar^ially increase the permeability of the 
selected section. 

5320. The method of claim 53 1 7, wherein the heat is provided such that an average 
temperature in the selected section range^ from approximately about 270 °C to about 375 
°C. 



532 1 . The method of claim 53 1 7, wherein at least one of the heat sources comprises an 
□ electrical heater located in the formation. 



5322. The method of claim 53/17, wherein at least one of the heat sources is located in a 
y 15 heater well, and wherein at least one of the heater wells comprises a conduit located in 



the formation, and further cgmprising heating the conduit by flowing a hot fluid through 
the conduit. 

5323. The method of qfaim 53 17, wherein at least some of the heat sources are arranged 
20 in a triangular pattern. 

5324. The method of claim 53 1 7, further comprising: 
monitoring I composition of the produced mixture; and 
controlling pressure in at least a portion of the formation to control the 

25 composition of the produced mixture. 

5325. The memod of claim 5324, wherein the pressure is controlled by a valve 
proximate to a iocation where the mixture is produced. 
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5326. The method of claim 5324, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5327. The method of claim 53 1 7, wherein ai/ average distance between heat sources is 
between about 2 m to about 8 m. 

5328. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from one or/fnore heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
vaporizes at least a portion of the hydrocarbons in the selected section; and 

producing a mixture/comprising hydrocarbons from the formation. 

5329. The method of cla/m 5328, wherein the one or more heat sources comprise at 
least two heat sources, atfd wherein superposition of heat from at least the two heat 
sources pyrolyzes at leak some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of /he hydrocarbons in the selected section. 



5330. The method of claim 5328, further comprising allowing heat to transfer from at 
least one of the heajf sources to the selected section to create thermal fractures in the 
formation, whereii/ the thermal fractures substantially increase the permeability of the 
selected section. 

5331. The methjbd of claim 5328, wherein the heat is provided such that an average 
temperature in tlfe selected section ranges from approximately about 270 °C to about 375 

°C. 



v 
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5332. The method of claim 5328, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 



5333. The method of claim 5328, wherein aft least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising tyeating the conduit by flowing a hot fluid through 
the conduit. 

5334. The method of claim 53^, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5335. The method of claim 5328, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 

5336. The method of c/aim 5335, wherein the pressure is controlled by a valve 
proximate to a location Avhere the mixture is produced. 



5337. The method oflclaim 5335, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 



5338. The method 
between about 2 m 



}f claim 5328, wherein an average distance between heat sources is 
i o about 8 m. 



5339. A method fc 
containing formatio i. 
10 millidarcy, comprising 



treating hydrocarbons in at least a portion of a hydrocarbon 
, wherein the portion has an average permeability of less than about 
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providing heat from one or more heat sources tg the formation, wherein at least 
one of the heat sources is located in a heater well; 

allowing the heat to transfer from one or mofe of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more heater wells. 

5340. The method of claim 5339, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5341 . The method of claim 5335, further comprising producing fluid from at least one 
heater well in which is positioned the heat source of the one or more heat sources. 

5342. The method of claim/5339, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. 

5343. The method of ilaim 5339, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. 

5344. The methocf of claim 5339, wherein at least one of the heat sources comprises an 
electrical heater Ideated in the formation. 



5345. The method of claim 5339, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
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the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5346. The method of claim 5339, wherein at leas0ome of the heat sources are arranged 
in a triangular pattern. 

5347. The method of claim 5339, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least abortion of the formation to control the 

composition of the produced mixture. 



5348. The method of claim 5347, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5349. The method of claim 5347, wherein the pressure is controlled such that pressure 
proximate to one or more of the /neat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5350. The method of claim 5339 wherein an average distance between heat sources is 
between about 2 m to about/8 m. 

5351. A method for treating hydrocarbons in at least a portion of a hydrocarbon 



containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
first section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least somy hydrocarbons are pyrolyzed within the first selected section, and 
allowing the heat to transfer from one or more of the heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 



1040 



Conley. Rose & Tayon, P C. 



hydrocarbons within the selected second section to a temperature less than the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocarbons from the formation. 



5352. The method of claim 535 1 ? wherein the one o^more heat sources comprise at 
least two heat sources, and wherein superposition of)heat from the at least two heat 



1f 



sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat ftor/ the at least two heat sources heats at 
least some hydrocarbons within the selected ^econd section to a temperature less than the 
average temperature within the pyrolysis zc 



Jne. 



5353. The method of claim 5351, wherein at least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 

5354. The method of claim 5351, wherein the heat decreases the viscosity of at least' 
some of the hydrocarbons in the selected second section. 

5355. The method of claim 53>l, further comprising allowing heat to transfer from at 
least one of the heat sources to /he selected first section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected first section. 



5356. The method of claim 535 1, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected second section to create thermal fractures in 
the formation, wherein th'e thermal fractures substantially increase the permeability of the 
selected second section. / 



5357. The method of 
temperature in the 
375 °C. 



claim 5351, wherein the heat is provided such that an average 
selejbted first section ranges from approximately about 270 °C to about 
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5358. The method of claim 535 1, wherein the heat is provided such that an average 
temperature in the selected second section ranges from approximately about 180 °C to 
about 250 °C. 



5359. The method of claim 535 1, wherein a/viscosity of at least some of the 
hydrocarbons in the selected second section ranges from approximately about 20 



centipoise to about 1000 centipoise. 



/ 



5360. The method of claim 535 L wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 

/ 

5361. The method of claim 5351, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



5362. The method of claim 565 1 , further comprising: 

monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 



5363. The method of claim 5362, wherein the pressure is controlled by a valve 
proximate to a location \ihere the mixture is produced. 



5364. The method of claim 5362, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 



5365. The method of claim 5361, wherein the pressure in the selected second section is 



substantially greater 



than the pressure in the selected first section. 
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5366. The method of claim 5351, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



5367. The method of claim 535 1, wherein an average distance between heat sources in 
the selected first section is less than an average (^stance between heat sources in the 
selected second section. 

5368. The method of claim 5351, whereir/the heat is provided to the selected first 
section before heat is provided to the selected second section. 

5369. The method of claim 535 1 , wl/erein the selected first section comprises at least 
one production well. 

5370. The method of claim 535/, wherein an average distance between heat sources in 
the selected first section is between about 2 m to about 1 0 m. 

5371 . The method of claim£35 1 , wherein an average distance between heat sources in 
the selected second section As between about 5 m to about 20 m. 

5372. The method of cl/im 535 1 , wherein the selected first section comprises a planar 
region. 

5373. The method of claim 535 1 , wherein at least one row of the heat sources provides 
heat to the planar region. 

5374. The methoc/ of claim 5373 wherein a length of a row is between about 75 m to 
about 125 m. 



5375. The metqod of claim 5372, wherein the planar region comprises a vertical 
hydraulic fractu; 
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5376. The method of claim 5375, wherein a width of the vertical hydraulic fracture is 
between about 0.3 cm to about 2.5 cm. 

5377. The method of claim 5375, wherein a length 9^?he vertical hydraulic fracture is 
between about 75 m to about 125 m. 

5378. The method of claim 535 1 , wherein at j^ast one ring comprising the heat sources 
provides heat to the selected first section. 

5379. The method of claim 5378, wherein at least one ring comprising the heat sources 
provides heat to the selected second .section. 

5380. The method of claim 5378, wnerein the ring comprises a polygon. 

5381. The method of claim 5378/ wherein the ring comprises a regular polygon. 

5382. The method of claim 53/78, wherein the ring comprises a hexagon. 

5383. The method of claim 5378, wherein the ring comprises a triangle. 




5384. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprisiy^: 

providing heat from three or more heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within me selected section, and at least three of the heat sources are 
arranged in a substantially triangular pattern; and 



producing a 



: nixture comprising hydrocarbons from the formation. 



V 
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5385. The method of claim 5384, wherein superposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5386. The method of claim 5384, wherein the mixtup^is produced from a production 
well located in a triangular region created by at lea^Uliree heat sources. 

5387. The method of claim 5384, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. 

5388. The method of claim 5384, wherein the heat is provided such that an average 
temperature in the selected section /anges from approximately about 270 °C to about 375 
°C. 

5389. The method of claim 53&4, wherein at least one of the heat sources comprises a 
electrical heater located in tha formation. 

5390. The method of claim 5384, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and furthe/ comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5391 . The method of/claim 5384, wherein at least some of the heat sources are arranged 
in a triangular patter 



5392. The method pf claim 5384, further comprising: 

monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 



composition of the 



produced mixture. 



V 
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5393. The method of claim 5392, wherein the pressure is controlled by a valve 
proximate to a location where the mixUtre is produced. 

5394. The method of claim 53927wherein the pressure is controlled such that pressure 
proximate to one or more of the tieat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5395. The method of claim 5384, wherein an average distance between heat sources is 
between about 2 m to about 8 m. 
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